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Compendium  of  Major  Findings 

In  December,  1977,  the  Commission  was  directed  In  Order-in-Council  to  prepare  an 
interim  report  on  the  nuclear  power  issue.  This  summary  presents  in  a  concise  manner 
our  major  findings.  They  are  predicated  on  3.35  hours  of  public  debate,  on  many 
submissions,  on  in-depth  studies  and  on  investigations  we  have  conducted  in  Ontario 
and  in  other  jurisdictions. 

Not  surprisingly,  the  major  concerns  of  critics  of  nuclear  power  relate  to  the 
health,  environmental,  safety,  economic  and  political  aspects  of  nuclear  power  rather 
than  the  scientific  and  technological.  To  many,  nuclear  power  represents  the  embodi- 
ment of  "hard"  as  contrasted  with  "soft",  technology',  the  increasing  centralization  of 
electric  power,  and  concomitantly,  the  increasing  centralization  and  dehumanization 
of  society  as  well  as  threats  to  the  biosphere.  To  the  proponents,  nuclear  power  is 
essentially  an  everlasting  source  of  clean  energy  that  will  become  increasingly  impor- 
tant as  oil  stocks  rapidly  dwindle  towards  the  end  of  the  century.  They  view  it  as  a 
technology  necessary  for  our  social  and  economic  well-being.  Virtually  all  partici- 
pants in  the  nuclear  debate,  however,  have  agreed  with  the  conclusion  of  the  World 
Council  of  Churches  Study  Group  that  "Pandora's  box  cannot  be  closed.  We  cannot 
live  as  though  nuclear  power  had  not  been  discovered." 

In  Ontario,  as  of  the  end  of  1977,  3800  M\V  of  nuclear  power  was  already  installed 
and  operating  and  another  10,000  MW  is  under  construction.  Indeed,  during  1977  the 
installed  nuclear  capacity  in  the  province  accounted  for  27  per  cent  of  total  electrical 
energy  generated  even  on  the  basis  of  a  comparatively  low  i70  per  cent*  capacit\ 
factor.  Furthermore,  based  on  Ontario  Hydro's  latest  system  expansion  programme, 
about  80  per  cent  of  the  province's  electricity  would  be  supplied  In  nuclear  power 
stations  by  the  end  of  the  century. 

Nuclear  power  in  the  province  is  based  on  the  CANDU  reactor,  a  reactor  which  on 
a  fuel  utilization  basis  has  to  date  proved  to  be  the  most  efficient  commercialK  availa- 
ble. CANDU  is,  of  course,  the  principal  actor  in  this  rejiort.  It  is  not.  hcnvever.  consid- 
ered in  isolation  but  rather  as  a  major  component  in  the  nuclear  fuel  cycle. 

Since  its  inception,  the  Commission  has  been  particularK  conscious  of  the  need  to 
develop  realistic  estimates  of  the  future  demand  for  electricit\ .  \\'e  have  therefore 
reviewed  many  ft)recasting  models  and  conducted  our  cnvn  appraisal  of  the  major 
dcternuiiants  of  electricity  growth.  .\s  a  result,  we  have  concluded  that  eleclricit\ 
demand  will  grcnv  at  a  rate  between  2  and  H  per  cent  to  the  year  2tKH)  w  ith  the  most 
probable  rate  being  about  4  per  cent.  This  grcnvth  rate  will,  of  course,  be  significantK 
infiuenced  by  the  oil  supply  situation.  In  the  Ireml  Icnv  ards  the  more  efficient  utili- 
zation ol  ciu'igA  through  conseiA  ation  and  co-generation,  and  not  least  In  our  increas- 
ing reliance  on  solar  energ\  in  all  its  manifestations,  particularly  solar  thermal,  bio- 
mass  and  h\(lranlic  energy.  If  Ontario  Ihdro  is  to  sen  iie  the  additi(Mial  load  u  ith  a 
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reasonable  level  of  reliability,  then  some  expansion  of  bulk  power  generation  before 
the  year  2000  is  inevitable.  We  have  concluded  that  nuclear  power  has  a  role  to  play  in 
this  expansion  programme.  In  assessing  its  future  role  we  have  considered  the  follow- 
ing factors:  health,  environmental  and  safety  concerns;  the  economics  of  nuclear 
power;  social  impacts  and  the  status  of  the  nuclear  industry;  uranium  resources; 
social,  ethical  and  political  issues;  nuclear  weapons  proliferation  and  plant  security; 
regulation  of  nuclear  power;  alternative  supply  technologies  and  the  future  of  nuclear 
power  in  Ontario. 

Health,  Environment  and  Safety 

•  The  absolute  safety  of  any  industrial  process,  or  human  activity,  including  the 
generation  of  electricity,  cannot  be  guaranteed.  In  the  case  of  the  CANDU  reactor  we 
have  concluded  that,  within  reasonable  limits,  the  reactor  is  safe.  However,  the  need 
for  continual  vigilance  and  reassessment  of  reactor  safety  systems  by  Ontario  Hydro 
cannot  be  overemphasized. 

•  The  radioactive  releases  during  the  normal  operation  of  a  CANDU  power  station 
should  not  give  rise  to  concern. 

•  The  analyses  of  loss  of  regulation  incidents,  the  unavailability  of  the  emergency 
core  cooling  systems  and  the  loss  of  containment  incidents  by  Ontario  Hydro  and 
Atomic  Energy  of  Canada  Limited  have,  in  our  opinion,  led  to  improvements  and 
enhanced  reliability. 

•  Technology,  per  se,  cannot  be  endowed  with  an  "ultimate  defence"  against  acci- 
dents; this  must  rest  with  human  operators.  For  this  reason  the  training  and  skill- 
maintenance  procedures  for  nuclear  operators  should  be  upgraded. 

•  Criticism  of  various  aspects  of  reactor  operations  by  workers  should  be 
encouraged. 

•  The  evaluation  of  safety  measures  should  take  into  consideration  the  economic 
implications. 

•  Research  on  reactor  safety  should  not  be  downgraded  in  the  interest  of  other 
nuclear  reactor  research,  especially  in  the  advanced  fuel  cycles  area. 

•  The  off-site  contingency  plans  should  be  reviewed;  there  should  be  at  least  annual 
full  scale  rehearsals  and  the  reports  of  the  rehearsals  should  be  made  public. 

•  The  concept  of  large  dedicated  nuclear  sites  has  much  to  commend  it  on  health, 
environmental  and  safety  grounds. 

•  Spent  fuel  reprocessing  and  advanced  fuel  cycles  should  not  be  part  of  Ontario 
Hydro's  system  planning  to  the  year  2000.  Hence,  there  is  no  need  for  a  central  interim 
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storage  facility  for  spent  fuel.  All  spent  fuel  should  i)e  stored  at  nuclear  generating 
station  sites,  either  in  circulating  water  storage  bays  or  in  "dry  storage"  if  this  proves 
feasible. 

•  The  sale  of  irradiated  (spent)  fuel  after  a  suitable  period  in  on-site  storage  is  an 
option  which  should  be  explored. 

•  Suitable  sites  for  the  ultimate  disposal  of  spent  fuel  and  other  high-level  radioac- 
tive wastes  should  be  identified  on  the  basis  of  both  technical  and  social  acceptabilitv. 
These  sites  should  satisfy  the  most  rigorous  geological  and  ecological  criteria.  Re- 
search and  demonstration  to  these  ends  should  be  of  the  highest  priority.  Ontario 
citizens  who  may  be  affected  in  any  way  should  be  consulted  during  all  stages  of  the 
process. 

•  An  independent  review  committee  should  be  established  to  report  to  the  .\tomic 
Energy  Control  Board  ( AECB)  on  progress  on  waste  disposal  research  and  demonstra- 
tion. If  the  committee  is  not  satisfied  with  progress  by  1985,  a  moratorium  on  addi- 
tional nuclear  power  stations  would  be  justified. 

•  Uranium  mill  tailings  will  constitute  an  increasing  health  and  environmental 
problem.  An  independent  review  committee  should  be  established  to  stud\  the  prob- 
lem in  depth  and  prepare  a  public  report  for  the  .\ECB  and  the  Ontario  Enviroiunen- 
tal  Assessment  Board.  The  future  of  the  nuclear  programme  should  be  assessed  in  light 
of  the  committee's  findings  and  progress  in  mill  tailings  containment  technolog\ . 

The  Economics  of  Nuclear  Power 

•  On  economic  grounds  CANDU  nuclear  and  coal  generation  are  the  major  realistic 
options  for  new  large  scale  base  load  supply  of  electricit\  in  Ontario  in  the  late  19S()s 
andl99()s. 

•  C ANDII  units  in  the  850  MW  capacity  range  are  the  obvious  economic  choice  for 
Ontario  Hydro's  base  load  generation.  On  the  e\  idencc  presented  to  date,  the  1250 
MVV  CANDl'  reactor  should  not  be  adopted  In  the  utilit\  until  the  turnof  thecenturv 
at  the  earliest. 

•  Once  constructed,  nuclear  power  with  its  high  capital  costs  and  low  operating 
costs,  is  less  susceptible  than  coal  to  inflation  and  relatively  insensitive  to  fuel  costs. 
The  fuel  cost  ratio  of  nuclear  power  to  coal  power  per  k\\'h  generated  is  roughK  1:9. 

•  New  nuclear  generating  stations  based  on  a  load  growth  of  4  per  cent  and  (i  per 
cent  per  annuni  to  the  year  2000  involve  capital  expenditures  l$2(KK)/k\\"  ciurent 
dollars)  of  approximateh  $25  billion  and  $60  billion  respecti\eK. 

•  Tlu^  difficulties  of  obtaining  suffiiient  capital  for  a  major  nuclear  programme  are 
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serious  enough  that  capital  availability  should  he  considered  as  an  important  con- 
straint in  assessing  the  proportion  of  nuclear  power  in  the  generation  mix. 

•  Appropriate  sinking  funds  should  he  established  to  defray  at  least  half  of  the 
expected  decommissioning  costs  for  nuclear  stations  and  to  defray  the  future  costs  for 
spent  fuel  management  and  disposal.  These  costs  should  be  incorporated  into  current 
electricity  rates. 

•  Prior  to  committing  further  nuclear  capacity,  the  likely  shape  of  the  system  load 
cuwe  should  be  carefully  reviewed  and  if  this  review  indicates  greater  uncertainty  in 
the  relative  need  for  base  load  capacity,  other  generating  options  (such  as  fossil  or 
hydraulic  capacity)  which  are  more  operationally  flexible  than  nuclear  power  should 
be  adopted. 

•  Research  and  development  costs  for  nuclear  power  should  be  included  in  the 
accounting  when  comparing  the  nuclear  option  to  renewable  energy  alternatives. 


Social  Impacts  and  the  Status  of  the  Nuclear  Industry 

•  The  suggestion  that  Ontario  Hydros  financial  requirements  will  "draw  capital 
away"  from  other  social  needs  is  oversimplified. 

•  The  nuclear  components  industry  in  Canada  faces  serious  under-utilization  of  its 
capacity.  Based  on  the  recent  reduced  Canadian  forecasts,  it  is  unlikely  that  the 
domestic  market  could  fill  the  gap,  making  exports  important  to  the  continued  well- 
being  of  the  industry. 

•  The  export  potential  for  CANDU  is  uncertain.  Markets  in  the  industrialized  world 
probably  will  take  the  form  of  licensing  arrangements  which  will  be  of  little  benefit  to 
the  domestic  industry  in  the  long  term  and  may  result  in  offshore  competitors  for 
future  CANDU  exports. 

•  Exports  of  CANDU  reactors  to  industrialized  countries  could  be  made  more  at- 
tractive by  giving  potential  buyers  preferred  access  to  supplies  of  Canadian  uranium. 
Depending  on  the  nature  of  such  agreements,  the  availability  of  uranium  resources 
and  more  importantly,  production  capacity  for  domestic  use  may  be  negatively 
affected. 

•  CANDU  plants  built  in  Canada  and  dedicated  to  the  export  of  power  to  the  United 
States  desei-ve  further  study  in  light  of  arguments  "for"  and  "against"  this  proposal. 

•  If  CANDU  sales  outside  Ontario  do  not  materialize,  the  consequences  are  difficult 
to  predict;  suppliers  might  be  limited  and  the  cost  of  components  to  Ontario  Hydro 
might  rise. 
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•  Many  of  the  factors  which  will  influence  the  future  health  of  the  nuclear  compo- 
nents industiy  are  beyond  the  direct  control  of  the  Government  of  Ontario. 

Uranium  Resources 

•  Canada  possesses  approximately  20  per  cent  of  the  western  world's  currently 
estimated  total  uranium  resource  potential. 

•  The  projected  growth  in  world  nuclear  power  and  the  concomitant  uranium  re- 
quirements, particularly  those  of  our  major  allies  and  trading  partners,  are  of  consid- 
erable consequence  to  the  future  role  of  nuclear  energ)'  in  Canada  and  Ontario. 

•  The  recently  approved  Ontario  Hydro  uranium  contracts,  plus  existing  export 
commitments,  already  more  than  exhaust  Ontario's  currently  estimated  reasonably 
assured  uranium  resources  in  the  measured  and  indicated  categories. 

•  In  evaluating  the  status  of  the  uranium  resource  base,  it  is  absolutely  critical  to 
consider  whether  all  of  this  potential  resource  can  in  fact  be  made  "physically  availa- 
ble "  at  a  rate  corresponding  to  the  increasing  demand. 

•  A  small  nuclear  programme  in  Ontario  —  perhaps  an  additional  commitment 
bevond  Darlington  of  a  few  thousand  MW  —could  be  fuelled  from  production  indige- 
nous to  Ontario,  assuming  no  further  exports,  to  well  beyond  2()(M). 

•  Neither  the  currently  known  uranium  resource  base,  in  Canada  and  Ontario,  nor 
the  projected  maximum  production  capacities  likely  to  be  available  for  Ontario  use 
are  sufficiently  secure  to  guarantee  the  long  term  viability  of  a  large  "once-through  " 
nuclear  power  programme  in  Ontario.  We  are  not,  however,  prepared  to  endorse  the 
inclusion  of  advanced  fuel  cycles  in  Ontario  Hydro's  system  planning  at  this  time. 

•  Many  of  the  factors  which  will  influence  the  price  and  availability  of  uranium 
resources  and  production  capacitv  to  Ontario  H\  dro  are  bevond  the  direct  control  of 
the  Government  of  Ontario. 

Social,  Ethical  and  Political  .\spects  of  Nuclear  Power 

•  An  a.ssessment  of  the  acceptabilitv  of  the  risks  and  benefits  of  nuclear  power  must 
include  an  assessment  of  the  social,  ethical  and  political  implications  of  its  use. 

•  New  and  imaginative  approaches  to  inform  and  involve  the  public  in  nuclear 
decisions  which  extend  well  bevond  the  public  hearing  process  must  be  developed. 

•  Timely  consultation  with  affected  sectors  of  society,  especially  the  agricultural 
conuMunitw  which  \\  ill  bear  a  ilisproportii^natcsharcof  the  risks  and  incoincnience  of 
all  large  scale  electrical  generation,  isesscnti.d. 

•  There  must  be  greater  and  irccr  public  access  to  intorinalii)n. 
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•  The  nuclear  industry  must  continue  to  become  more  open  to  public  scrutiny. 

•  Security  measures  now  in  place  or  contemplated  in  Ontario  for  a  once-through 
CANDU  programme  are  not  likely  to  limit  our  civil  liberties. 

Nuclear  Weapons  Proliferation  and  Plant  Security 

Piolifcidtion 

•  There  is  a  demonstrable  —  albeit  complex  —  relationship  between  the  growing 
world  use  of  civilian  nuclear  power  and  the  proliferation  of  nuclear  weapons. 

•  Ontario  Hydro's  nuclear  power  programme  does  not  contribute  to  nuclear  weap- 
ons proliferation  by  non-nuclear-weapons  owner  countries. 

•  As  the  most  important  producer  and  user  of  nuclear  technology,  Ontario  must 
acknowledge  the  proliferation  prol)lem  and  perhaps  play  some,  albeit  minor  role  in 
dealing  with  it,  particularly  since  exports  will  be  important  to  the  continued  well- 
being  of  the  nuclear  manufacturing  sector. 

•  Canada's  stringent  nuclear  export  policy  should  be  continued.  As  long  as  this 
country  plays  a  major  role  in  the  international  nuclear  market,  Canada  must  continue 
to  commit  resources  to  the  solution  of  the  nuclear  weapons  proliferation  problem  in 
both  its  technical  and  political  complexity. 

Secttrity 

•  At  this  stage  in  Ontario's  nuclear  programme,  the  only  credible  security  concern  is 
sabotage  against  nuclear  installations. 

•  When  the  new  measures  currently  being  undertaken  by  Ontario  Hydro  are  fully 
operational,  they  will  give  the  utility  considerable  capability  to  detect  and  to  deter 
unauthorized  intrusion  at  its  nuclear  facilities. 

•  The  responsibility  for  all  aspects  of  security  and  contingency  planning  at  nuclear 
plants  in  Ontario  is  not  clearly  defined  or  understood  by  all  relevant  agencies.  A 
comprehensive  "crisis  management"  system  involving  both  security  and  political  au- 
thorities capable  of  making  complex  and  rapid  decisions  should  be  created. 

The  Regulation  of  Nuclear  Power 

•  Potential  difficulties  and  uncertainty  exist  with  respect  to  the  division  of  legislative 
power  between  the  provincial  and  federal  governments  concerning  regulation  of  the 
nuclear  fuel  cycle,  particularly  environmental  assessment. 

•  The  rationale  for  a  nuclear  project  should  be  open  to  public  scrutiny.  The  Ontario 
Environmental  Assessment  Act  potentially  provides  an  appropriate  basis  for  public 
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review  of  the  comparative  social  and  environmental  implications  of  nuclear  power 
development. 

•  The  AECB  licensing  review  should  concentrate  on  important  matters  relating  to 
safety,  security,  health  and  environment.  Decisions  relating  to  the  use  of  nuclear 
power,  including  ecological,  social,  economic  and  political  aspects  should  he  the 
responsibility  of  the  Province  of  Ontario. 

•  A  close  working  relationship  should  continue  to  exist  between  the  regulator  and 
the  regulated.  But  strong  and  independent  advisory  conunittees,  which  alread\  plav  a 
key  role  in  the  Canadian  regulatory  process,  should  be  continued  and  expanded. 

•  The  safety  of  C ANDU  reactors  under  extreme  conditions  should  be  proved,  within 
limits  acceptable  to  the  AECB,  by  Ontario  Hydro.  The  burden  of  proof,  as  in  the  past, 
should  continue  to  rest  with  the  proponent. 

•  Theprincipleof  "openness"  of  the  regulatory  process  is  important.  Public  partici- 
pation should  increasingly  be  recognized  as  an  essential  component  of  decision-mak- 
ing on  nuclear  matters.  Concomitantlv,  access  to  information  should  be  based  on 
"disclosure  being  the  rule  and  exceptions  beingstrictK  limited  . 

Alternative  .Supply  Technologies 

•  A  primary  objective  of  energy  planning  should  be  to  develop  and  have  available  In 
theyear2000aflexiblemixofoptionstomeet  the  diverse  needs  of  Ontario. 

•  Diversity,  flexibility  and  resiliency  should  characterize  our  energv  suppK  s\  stems. 
Centralized  and  decentralized,  renewable  as  well  as  non-renewable  systems  should  be 
deployed. 

•  Nuclear  energv  should  no  longer  receive  the  major  portion  of  energ\  research 
funding. 

•  There  should  be  much  greater  expenditure  on  the  development,  demonstration 
and  commercialization  of  energy'  storage,  energv -efficient  ico-generation  and  flu- 
idized  bed  combustion)  and  renewable  technologies  which  are  compatible  with  On- 
tario's energy  needs. 

•  By  the  year  2()()(),  a  minimum  of  1500  MW  of  electric  [>o\\  er  sliouUl  be  supplied  In 
biomassgenerationbasedon  the  energy  forest  concept. 

•  Coal  should  play  a  more  significant  role  in  our  energv  mix.  Major  capital  expendi- 
tures on  a  slurry  pipeline  from  Western  Canada  could  pro\  ide  benefits  not  onU  to  the 
utilitv  but  also  to  Miatu  Out.uio  industries. 

•  Canada  should  c\[)lore  opportunities  to  enter  into  a  joint  research  progranune 
w  ilh  the  United  States  on  advanced  C.VNDU-thorium  cycles  in  order  to  optimize  Ix^h 
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Canadian  and  American  resources.  However,  research  funding  for  advanced  fuel 
cycles  should  he  pursued  as  a  low  priority,  particularly  when  compared  to  research 
and  development  on  nuclear  waste  disposal. 

•  Significant  benefits  would  accrue  to  the  people  of  Canada  and  Ontario  if  the 
research  laboratories  of  Atomic  Energy  of  Canada  Limited  were  converted  into  one 
centralized  National  Energy  Laboratory. 

Future  of  Nuclear  Power  in  Ontario 

•  The  maximum  number  of  additional  nuclear  stations  to  the  year  2000  should  be 
three. 

•  The  reactor  size  should  be  standardized  at  850  MW. 

•  One  additional  site  dedicated  to  nuclear  power  should  be  acquired. 

•  Based  on  the  above  programme,  on-site  interim  storage  of  spent  fuel,  rather  than 
central  interim  storage,  should  be  used  by  Ontario  Hydro. 

•  Based  on  the  above  programme,  the  heavy  water  output  from  the  third  plant  at  the 
Bruce  nuclear  complex  will  not  be  needed  before  the  end  of  the  century. 

•  Governments  must  recognize  that  decisions  about  nuclear  power  are  fundamen- 
tally political  in  the  widest  sense  of  the  word;  they  relate  to  quality  of  life  and  quality 
of  the  environment;  they  cannot  be  left  to  the  utility  alone. 

•  Consciousness  of  the  welfare  of  future  generations  should  be  a  central  criterion  in 
the  evaluation  of  energy  options. 

The  government  and  the  public  can  no  longer  sit  back  and  be  relatively  uninterested  in 
the  generation  decisions  made  by  the  utility.  We  must  become  knowledgeable  about 
the  proposed  technologies,  their  environmental,  societal  and  political  implications, 
and  their  capital  and  fuel  requirements  both  in  the  short  and  long  term.  We  must  all 
enter  the  debate  in  a  process  designed  to  give  political  direction  to  the  utility. 
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Foreword 


XlIP.  Roval  Commission 
on  Electric  Power  Planning  was  established  by  the 
(lovernment  of  Ontario  in  July  1975  in  response  to 
public  concern,  expressed  particularly  by  farmers 
and  environmentalists,  about  the  long-range  plans 
lor  the  development  of  Ontario  Hydro  s  electric 
power  system.'  Our  mandate  is  extremely  broad 
(see  Annex  A).  The  Commission  was  directed  by 
Order-in-Council  to  examine  fullv  the  concepts 
and  programme  of  Ontario  Hydro  in  relation  to 
technical,  socioeconomic,  and  environmental  fac- 
tors for  the  period  from  1983  to  1993  and  bevond. 
The  Covernmcnt  rc(|uested  the  C^ommission  to  di- 
rect its  edorls  towards  establishing  a  framework 
for  the  further  development  of  the  electric  power 
system  in  the  best  interests  of  the  people  of 
Ontario. 

We  belie\e  this  is  a  imi(|ut"  opportimit\'  for 
Onlarians  to  examine  all  the  implications  of  an 
electric  power  system  whose  effects  ma\  be  felt 
well  into  the  twent\  -first  centurs .  Intleed  the  pub- 
lic as  well  as  numerous  interest  groups  recognized 
this  opporlunit\  antl  caini-  iorwaril  to  share  their 


concerns  and  perceptions  with  us  during  our  Pre- 
liminary Public  Meetings.  These  are  reflected  in 
our  First  Report.  They  continued  their  active  par- 
ticipation in  the  Information  Hearings  and  most 
recently  in  the  Debate  Stage  Hearings. 

Many  (juestions  have  been  raised  during  our 
two  and  one-half  years  of  public  hearings,  but  the 
nuclear  power  issue  —  the  subject  of  this  Interim 
Report  —  has  been  by  far  the  most  controversial.  In 
our  Debate  Stage  Hearings  alone,  33.5  hours  have 
already  been  devoted  to  the  nuclear  (juestion.  Nu- 
clear power  is  praised  f)y  some  people  as  the  only 
technology  capable  of  generating  adeciuate  elec- 
tric power  by  the  turn  of  the  century  and  is 
strongly  criticized  by  others  becau.se  of  its  poten- 
tially undesirable  impacts.  Perhaps  much  of  the 
public  concern  stems  from  the  apparent  veil  of  se- 
crecy that  has  historically  surrounded  information 
pertaining  to  things  nuclear.  Whatever  the  rea.son, 
the  issue  is  of  profound  importance  to  the  public. 

The  appointment  by  the  Ontario  Government 
of  a  Select  Committee  to  consider  the  Province's 
nuclear  commitment  in  its  review  of  Ontario  Hy- 
dro affairs  has  provided  an  appropriate  opportu- 
nity for  the  Commission  to  share  the  wealth  of  in- 
formation we  have  gathered.  In  so  doing,  we  hope 
to  facilitate  the  work  of  the  Select  Conunittee 
whose  task  is,  we  believe,  complementary  to  our 
own. 

Evidence  of  global  interest  in  the  nuclear 
power  debate  is  reflected  by  the  manv  interna- 
tional commissions,  committees,  and  task  forces 
that  have  studied  the  subject.  Several  of  the  most 
widely  cjuoted  are  introduced  briefl\  in  the  Se- 
lected Bibliography.  We  ha\  e  noted  especially  the 
studies  and  workshops  undertaken  vuuler  the  aus- 
pices of  the  World  Council  of  Churches. 

Since  its  inception  the  Commission  has  empha- 
sized the  centralitv  of  education.  During  the 
course  of  our  intjuirv  a  \  arietv  of  learning  emiron- 
menls  has  been  developed  —  symposia,  seminars. 
\sorkshops.  public  meetings  and  hearings.  \\  e 
ha\  e  emphasizeil  informality  and  \n  e  lH:>lieye  it  has 
paid  ofl^.  Of  particular  interest  anil  \alue  uas  the 
nuclear  seminar  held  in  Toronto  in  Septemlxr 
1977.  The  distinguished  panellists  were  Dr.  Got- 
don  Edwartls.  Sir  Brian  Flowers.  Dr.  Rol>ert  Jen  is 
and  Dr.  David  Rose.  Se\  end  of  the  txincepls  raised 
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during  the  seminar  are  reflected  in  this  Report.  We 
also  expect  to  publish  in  October  1978  Our  Energy 
Options,  a  series  of  essavs  on  energy  intended  for 
educational  institutions;  several  of  the  essays  relate 
to  nuclear  power." 

We  have  consistently  advocated  a  policy  of 
complete  openness  of  information  —  our  Informa- 
tion Centre,  open  to  members  of  the  public,  is 
probably  one  of  the  more  comprehensive  in  the 
energy  field  in  Canada.  Only  classified  information 
relating  to  security  measures  at  power  stations  is 
not  included.  Nevertheless,  during  the  public 
hearings,  one  of  the  most  frequently  expres.sed  con- 
cerns related  to  the  lack  of  available  information  on 
operational  aspects  of  nuclear  power  stations  and 
heavy  water  plants,  including  reactor  safety 
studies  and  reports  on  accidents  and  potential  acci- 
dents and  their  consecjuences. 

The  preparation  of  this  Interim  Report  has  not 
been  easy.  Two  major  problems  have  predomi- 
nated: first,  the  weighting  of  very  diverse  points  of 
view;  and  secondly,  the  development  of  an  ade- 
(juate  framework  in  which  to  portray  nuclear 
power  —  a  single,  albeit  important,  component  of  a 
complex  total  energy  system. 

We  have  in  this  Report  provided,  for  the  peo- 
ple and  the  Government,  the  Commission's  find- 
ings and  conclusions  to  date  about  the  future  role  of 
nuclear  power  in  the  province.  Indeed,  it  is  a  sin- 
cere effort  on  our  part  to  put  you  fully  into  the 
picture  concerning  the  nuclear  story.  We  have  at- 
tempted to  balance  points  of  view  on  major  issues 
that  are  on  one  hand  ethical,  .socioeconomic,  en- 
vironmental and  political  and  on  the  other  scien- 
tific and  technical.  Further  evidence  relating  to 
nuclear  power  will  almost  certainly  be  forthcom- 
ing during  our  remaining  hearings  on  the  overall 
design  of  the  electric  power  system  and  the  deci- 
sion making  and  public  participation  process.  Al- 
though we  do  not  anticipate  that  any  major  new 
information  will  emerge  to  alter  our  general  con- 
clusions on  nuclear  power,  presented  herein,  only 
when  the  fidl  hearing  process  has  nm  its  course  and 


all  the  evidence  has  been  weighed  will  we  be  in  a 
position  to  formulate  specific  recommendations. 

Throughout  the  inquiry  we  have  been  fortu- 
nate to  have  been  assisted  by  a  large  number  of 
people  (many  of  whom  are  named  in  Annex  C) 
whose  participation  is  gratefully  acknowledged. 
Ontario  Hydro  has  been  unstinting  in  its  co-opera- 
tion and  in  its  efforts  to  provide  us  with  a  vast 
amount  of  information,  and  it  is  a  special  pleasure 
to  record  our  appreciation  of  the  work  of  Bnice 
Campbell,  coimsel  for  Ontario  Hydro,  and  that  of 
the  many  panels  of  expert  witnesses  whom  he  pre- 
sented to  us.  We  express  our  gratitude  to  several 
ministries  of  the  Government  of  Ontario  for  pro- 
viding information  and  for  participating  actively  in 
our  hearings.  We  would  also  like  to  acknowledge 
the  noteworthy  participation  of  Atomic  Energy  of 
Canada  Limited,  the  Atomic  Energy  Control 
Board,  and  Fisheries  and  Environment  Canada. 

Many  industrial  associations,  public  interest 
groups,  and  individuals  appeared  before  us  and 
made  valuable  contributions  in  their  submissions 
and  during  cross-examination.  To  mention  a  few, 
and  we  do  injustice  to  many:  the  Canadian  Coali- 
tion for  Nuclear  Responsibility  (Dr.  Gordon  Ed- 
wards, Ian  Connerty),  the  Canadian  Nuclear  Asso- 
ciation (Alan  Wyatt),  DynamoGenesis  Inc.  (Nick 
Teekman),  the  Electrical  and  Electronic  Manufac- 
turers Association  of  Canada  (George  Vaughan), 
the  Ontario  Coalition  for  Nuclear  Responsibility 
(Ralph  Torrie),  and  a  citizen  at  large,  George 
Meek,  who  rarely  missed  a  hearing  and  who  partic- 
ipated act  ively  and  effectively. 

Nor  would  these  acknowledgements  be  com- 
plete without  reference  to  the  work  of  our  court 
reporters,  Angus  Stonehouse  &  Company  Ltd.  It 
remains  a  mystery  how  they  were  able  to  cope 
with  frequently  very  technical  evidence  that  con- 
tinued for  hours  on  end. 

We  are,  ofcour.se,  tremendously  grateful  to  the 
staff  of  the  Commission  for  their  competence,  de- 
votion, and  cheerfulness.  We  are  very  proud  of 
them. 
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I  THOUGH  it  seems 
to  have  all  hut  disappeared  from  the  consciousness 
of  many  Canadians,  the  1973  oil  crisis  was  an  event 
of  enormous  significance  whose  full  implications 
have  yet  to  l)e  completely  imderstood.  The  oil 
embargo  imposed  by  the  Organization  of  Oil  Ex- 
porting Countries  (OPKC)  and  the  subsecjuent 
(juadnipling  of  the  price  of  cnide  oil  were  trig- 
gered by  events  and  problems  reniote  to  most  Ca- 
nadians. These  events  served,  however,  to  illus- 
trate the  far-reaching  and  impredictable  effects  of 
an  interdependent  world  and  to  underscore  a  fun- 
damental and  inescapable  realitv:  access  to  plenti- 
ful and  secure  supplies  of  energy  is  a  critical  and 
polenliallv  fragile  cornerstone  of  contemporary 
industrial  societies  that  can  no  longer  be  taken  for 
granted.  Canadians,  accuslomcil  to  the  idea  that 
theirs  is  a  vast  land  blessed  with  almost  limitless 
natural  resources  of  all  kinds,  seem  reluctant  to 
accept  this  realitv. 

The  creation  and  convenient  a\ailabilit\  of 
high-iiualil\  energ\,  .such  as  eleclricit\,  is  not  an 
end  in  itself.  Rather,  energy  defined  generally  is  a 


means,  a  tool,  not  only  to  perform  any  given  end- 
use  (driving  a  motor  or  heating  water,  for  example) 
but  ultimately  to  assist  in  achieving  social,  eco- 
nomic, political  and  even  personal  goals.  Conse- 
quentlv,  the  broad  outlines  and  well-being  of  any 
future  society  will  be  significantly  influenced  by: 

•  the  ends  to  which  the  energy  produced  is  ulti- 
mately applied 

•  the  sectors  of  societ\'  which  benefit  from  the 
energy  supplied 

•  the  allocation  of  risks  and  costs  required  to  cap- 
ture, process,  distribute  and  coasume  the  energy 

•  theformsandfjuantitiesof  energy  supplied 

•  the  nature  of  the  technologies  recjuired  to  ex- 
ploit the  energy  and 

•  the  institutions  which  control  the  energy  and 
the  required  technical  skills. 

Quality  of  Life 

The  continued  availability  of  abundant  energy  is 
clearly  essential  to  the  general  well-being  of  mod- 
ern societies  and  an  important  requirement  for  the 
maintenance  of  high  living  standards.  Indeed,  the 
demand  for  energy  by  all  living  entities  is  predi- 
cated on  only  two  factors:  growth  and  mainte- 
nance. This  is  of  critical  significance  in  an\  consid- 
eration of  society  s  future  needs  for  energy.  In 
general,  the  "maintenance  component  has  re- 
ceived less  attention  than  the  "growth"  compo- 
nent. But  with  increasing  world  population  and 
continuing  growth  in  the  utilization  of  non-renew- 
able energy  re.sources,  the  realit\  of  increasing  en- 
ergy costs,  and  the  concomitant  trend  tow  ards  en- 
ergy conser\ation,  more  attention  u  ill  have  to  l>e 
paid  to  the  basic  energy  re(iuirements  neces.s;iry  to 
sustain  a  viable  econoiin  and  a  rea.sonable  standaril 
of  living.  The  issue  is  admirabK  stated  as  follows: 

Oiir  !;(>al  for  enor^v .  lo  Iv  realistii-.  must  n(i\\  l>o 
stated  ill  more  moilest  terms.  ii.uncK  a  siippl\  of 
energN'  that  is  siitficiciit  for  our  real  needs  at  e«)ii- 
itahle  pritcs  wUh  aiceptabio  em  ironniental 
fdiiseqiu'iu'cs.' 

Historiial  eviilence  suggests  th.il  there  is  a  sim- 
plex relationship  l>elween  per  capita  energy  use 
.mil  per  capita  (^ross  National  Proiliut.  There  is. 
ho\\e\er.  some  e\  idence  to  suggest  that  this  rela- 
tionship can.  and  perhaps  must.  I>e  "decxmpled". 
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Some  go  further  and  see  a  direct,  causal  relation- 
ship between  energy  consumption  and  quality  of 
life.  We  cannot  accept  this  argument;  indeed,  we 
doubt  that  a  continuation  of  the  postwar  exponen- 
tial growth  in  demand  for  energy  would,  even  if  it 
were  attainable,  result  in  an  exponential  increase 
in  human  welfare  and  happiness.  Basic  human 
needs  and  aspirations  differ  widely  from  person  to 
person  and  from  culture  to  culture.  And  ulti- 
mately, all  mankind  is  constrained  by  the  finite  lim- 
its of  earth's  fragile  biosphere.  Quality  of  life  is  a 
function  of  the  availability  of,  amongst  other 
things:  health,  educational,  cultural  and  recrea- 
tional facilities;  basic  public  services  such  as  trans- 
portation systems,  sanitation  facilities  and  water 
supplies,  and,  on  a  global  basis,  the  mitigation  of 
environmental  degradation,  hunger,  poverty  and 
the  threat  of  war. 

Technology  will  continue  to  play  a  significant 
role  in  enhancing  the  (juality  of  life.  A  few,  mostly 
rural  dwellers,  have  argued  that  its  role  should  be 
minimal.  However  the  apartment  dweller  living 
on  the  thirtieth  floor  of  a  city  building  no  doubt 
thinks  differently,  especially  in  Ontario,  where  the 
majority  of  the  population  lives  in  urban  areas.  The 
provision  of  food  alone  calls  for  a  high  degree  of 
technological  sophistication  in  production,  distri- 
bution, and  marketing.  For  example.  Dr.  H.L.  Pat- 
terson, a  representative  of  the  Food  Land  Steering 
Committee,  described  the  farmers'  need  for  tech- 
nology to  supply  our  food  requirements: 

Farmers  as  individuals  are  more  reliant  on  elec- 
tricity than  the  average  individual.  It  is  very 
important  that  electricity  should  be  supplied  as 
cheaply  as  possible.  The  farmer  is  at  present  uti- 
lizing solar  energy,  through  photosynthesis,  but 
agriculture,  as  presently  established,  needs  elec- 
tricity for  a  whole  range  of  operations. 

As  this  example  suggests,  energy  and  especially 
ubiquitous  electricity  should  be  included,  albeit  in 
moderation,  amongst  the  basic  human  needs.  How- 
ever, in  an  era  of  exponential  resource  depletion  on 
a  global  scale,  meeting  even  basic  needs  will  pre- 
sent mankind  with  a  formidable  challenge.  The 
adoption  of  a  "conservation  ethic  "  will  play  an  es- 
sential part  in  meeting  this  challenge.  But  in  spite 
of  government  exhortations,  we  believe  that  true 
energy  conservation  is  practised  by  comparatively 


few  people.  Indeed,  most  of  us  appear  to  be  obliv- 
ious to  the  danger  signals.  The  Commission  has 
concluded  that  heroic  measures  will  probably  be 
necessary  to  bring  home  forcefully  the  urgent  need 
for  energy  conservation,  especially  of  the  non-re- 
newable fossil  fuels. 

Risk  and  Uncertainty 

All  currently  available  conventional  energy  sys- 
tems, regardless  of  whether  they  are  indigenous  to 
Ontario,  have  social,  ethical,  economic,  environ- 
mental or  political  costs  associated  with  their  de- 
ployment. The  depletion  of  oil  and  gas  over  the 
next  three  decades  represents  an  ethically  ques- 
tionable legacy  to  any  future  society  whose  eco- 
nomic and  social  well-being  may  be  at  stake.  Oil 
pipelines  may  threaten  fragile  northern  lifestyles 
and  ecology.  Hydro  dams  can  fail,  drastically  alter 
the  landscape  and  may  force  local  populations  to 
relocate.  Coal-fired  generating  stations  emit  large 
quantities  of  sulphur  dioxide  and  oxides  of  nitrogen 
and  may  significantly  alter  world  climate  by  ad- 
ding carbon  dioxide  to  the  atmosphere. 

We  are  also  aware  that  a  major  accident  occur- 
ring in  any  nuclear  power  plant,  or  facility,  could 
have  significant  environmental  and  political  impli- 
cations. In  addition,  radioactive  wastes,  both  ura- 
nium mill  tailings  and  reactor  spent  fuel,  must  be 
isolated  from  man's  environment  for  very  long  pe- 
riods of  time.  No  universally  acceptable  methods 
of  disposing  of  these  wastes  have  yet  been  devi.sed. 
Moreover,  as  these  wastes  accumulate,  in  the 
absence  of  socially  and  technically  acceptable  dis- 
posal solutions,  they  will  constitute  a  growing 
threat  to  the  local  and  even  the  earth's  ecology. 
Global  reliance  on  nuclear  power  will  result  in  the 
rapidly  increasing  production  of  "fi.ssionable  iso- 
topes", most  notably  plutonium-239,  which,  al- 
though a  valuable  energy  source  in  its  own  right,  is 
both  a  highly  toxic  substance  and  can  be  used  in  the 
manufacture  of  nuclear  weapons."  This  reliance 
may  increase  the  probability  of  nuclear  weapons 
proliferation.  The  international  monitoring  and 
control  of  this  technology,  admittedly  a  highly 
complex  problem,  should  become  a  world  objec- 
tive. The  achievement  of  this  goal  promises,  how- 
ever, to  be  elusive.  An  associated  concern  is  the 
possiblity  of  the  illicit  use  of  nuclear  materials  for 
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malevolent  purposes  by  criminal  or  terrorist 
groups  or  of  terrorist  attacks  on  nuclear  power 
facilities. 

Paradoxically,  living  with  risks  is  what  makes 
life  possible.  Further,  the  more  uncertainty  the 
greater  the  risks.  Throughout  the  history  of  life  on 
earth,  there  have  been  several  major  transitions  in 

I  lifestyles.  For  example,  from  hunting  to  agrarian 
society;  from  agrarian  to  industrial  society;  and 
currently  from  industrial  to  post-industrial  society. 
These  transitions  have  been  characterized  by 
marked  social  unrest  and  uncertainty.  Indeed,  the 
philosopher  Alfred  North  Whitehead  once  re- 
marked that  one  manifestation  of  wisdom  was  to 
recognize  that  major  changes  in  society  and  culture 
almost  destroy  us.  As  the  degree  of  uncertainty  in- 

j  creases  so  does  the  need  to  "invent  the  future"  and 
all  tnie  invention  necessitates  risk-taking.  Indeed, 
risk-taking  is  almost  taken  for  granted  in  modern 
society.  We  routinely  risk  our  lives  in  automobiles, 
aircraft,  and  even  while  participating  in  sports. 
Certainly,  the  risks  and  the  benefits  associated  with 
nuclear  power  have  emerged  as  central  issues  dur- 
ing our  public  hearings. 

The  acceptability  and  perception  of  risk  by 
individuals  or  society  are  complex  (juestions  predi- 
cated essentially  on  value  judgements.  It  is  abun- 
dantly clear,  however,  that  most  people  accept 
voluntary  risks  much  more  readily  than  thev  ac- 
cept involimtary  risks.  Increasingly,  benefit-risk 
analysis  is  becoming  an  important  component  of 
technology  assessment. 

Moreover,  we  have  not  onlv  to  weigh  the  risks 
and  benefits  of  energy  technologies  to  present  gen- 
erations but  also  to  consider  the  potential  risks  and 
benefits  to  future  generations. '  The  future  risks  to 
be  taken  into  account  relate  to  such  things  as  po- 
tential genetic  damage  from  radiation,  becjueath- 
ing  to  future  generations  stocks  of  radioactive  ma- 
terial, and  contamination  of  tlic  environment  bv 
the  burning  of  fossil  fuels,  emissions  from  automo- 
biles and  prolilcratiouoi  deadiv  chemicals.  I'uturo 
generations  could  be  put  to  significant  risk  if  this 
generation  continues  to  (liMiude  the  earth  of  ils  lim 
iled  non-renewable  resources  and  perhaps  e\en 
changes  the  weather  patterns  as  a  result  of  ac-eu- 
mulating  emissions  of  carbon  dioxide.  Nor  should 


we  dismiss  lightlv  the  risk  of  becoming  overlv  reli- 
ant on  comparatively  untried  energy  technologies. 

All  likely  long-range  energy  supply  options 
which  might  be  available  in  the  period  after  2000, 
whether  they  are  nuclear,  fossil  or  renewable  'solar 
energy  in  all  its  forms),  are  characterized  above  all 
else  by  uncertainty  at  this  time.  To  complicate 
matters  further,  it  is  extremelv  difficult  to  predict 
energy  demand  bevond  the  short  to  medium  term 
with  any  degree  of  confidence  because  complex 
assumptions  must  be  made  about  such  factors  as 
demographic  trends,  economic  growth  rates  and 
lifestyles.  It  is  ecjuallv  difficult  to  determine  in  ad- 
vance the  effect  of  relative  price  increa.ses  and  con- 
servation/efficiency programmes  on  future  energy 
demand  patterns. 

Therefore,  as  the  epoch  of  cheap,  seeminglv 
inexhaustible  energy  draws  to  a  close,  the  value  of 
having  energy  in  af)undance  will  increasingly  have 
to  be  weighed  against  a  complex  and  uncertain 
new  range  of  costs  which  will  be  incurred  in  mak- 
ing it  available  in  the  cjuantities,  forms,  and  places 
to  which  we  have  become  accustomed.  This  is  the 
dilemma  and  the  challenge  which  we  face  its  we 
attempt  to  plan  our  energ\  future.  There  will  be  no 
panaceas.  As  fossil  fuels  escalate  in  price  and  ap- 
proach depletion  over  the  next  25  vears.  time  itself 
will  increasinglv  become  a  scarce  resource  —  it  is 
not  coincidental  that  we  have  chosen  "W  Race 
Against  Time"  as  the  subtitle  of  this  Report.  Given 
the  realities  of  technological  and  political  lead 
times  required  to  put  new  energy  systems  in  place 
(the  CANDU  technology  re(|uired  25  vears  to  de- 
velop and  make  commercialK  available',  the  price 
of  misjudgement  \\  ill.  at  best,  be  increased  costs, 
and  at  worst,  the  risk  of  not  ha\  ing  sutTicient  energy 
at  some  point  in  the  future. 

Future  Problems 

It  has  been  said  that:  "One  of  the  chief  fnistrations 
of  our  times  is  a  surplus  of  simple  sohitions  com- 
bined \\  ilh  an  enormous  shortage  of  simple  prob- 
lems."' .\lter  two  and  a  half  vears  of  public  hear- 
ings and  debates  we  can  attest,  most  fersentlv.  to 
the  accuracv  of  this  asse.ssment  of  cxintem^xirar\ 
problems.  The  decisions  aheail.  espeiialK  in  the 
energ\  field,  u  ill  inev  ilabh  be  hard  ilee  isions. 
The\    will  relate  to.  anci  indeed  determine,  the 
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shape  of  our  future  society;  these  in  turn  will  be 
predicated  on  how  effectively  man  protects  the 
earth's  ecosystem  (which  includes  himself  and  his 
foodlands),  his  cultures,  his  living  standards,  and 
not  least  his  dwindling  non-renewable  resources. 

The  choice,  based  on  socioeconomic,  environ- 
mental, and  technical  criteria  of  the  most  appro- 
priate technologies  to  deal  with  specific  situations 
will  underlie  many  of  the  decisions.  Technologies 
such  as  advanced  nuclear  fuel  cycles,  for  example, 
will  have  to  be  assessed  to  ensure  that  the  potential 
benefits  of  the  technology  outweigh  the  potential 
risks  of  the  technology  and  its  side  effects.  As  we 
have  pointed  out  on  niwnerous  occasions,  the  citi- 
zens of  the  province  should  have  the  opportunity 
to  participate  in  this  assessment  because  their  fu- 
ture, and  the  future  of  their  children  and  grand- 
children will  be  profoundly  affected  by  the  ulti- 
mate decisions,  which  will  be  taken  by  the 
Government  of  Ontario,  relating  to  the  province's 
future  electric  power  system.  It  is  important  also 
that  the  critical  and  evaluative  capacity  of  individ- 
uals and  groups  who  can  contribute  to  policy  for- 
mulation should  be  strengthened.  In  this  regard, 
the  work  of  many  public  interest  groups  in  On- 
tario, and  the  work  of  scholarly  and  scientific  socie- 
ties should  be  encouraged  and,  where  necessary, 
financed.  Citizens'  interest  groups  and  the  scien- 
tific and  technical  community  should  have  equal 
access  to  adequate  and  readily  understandal)le  in- 
formation. As  indicated  by  the  World  Council  of 
Churches: 

We  are  justified  in  demanding  the  most  accurate 
possible  knowledge  of  the  advantages,  risks  and 
hazards  of  nuclear  power  and  also  of  the 
alternatives." 

There  is  a  vast  amount  of  scientific  information  on 
nuclear  power,  civilian  and  military,  available  in 
the  literature."  In  particular,  the  contributions  of 
Atomic  Energy  of  Canada  Limited  (AECL)  to  this 
literature  are  impressive,  but  the  majority  of  them 
are  completely  unintelligible  to  the  lay  public; 
they  have  been  written  essentially  for  the  world 
community  of  nuclear  specialists." 

Regrettably,  regardless  of  the  publications  for 
puf)lic  consumption  of  several  public  interest 
groups  (notably  Energy  Probe  and  the  Ontario 
Coalition  for  Nuclear  Reponsibility),  of  Ontario 


Hydro,  of  the  Canadian  Nuclear  A.ssociation,  of 
numerous  foreign  commissions,  committees  and 
task  forces  (most  of  them  eminently  suitable  for 
reading  by  laymen),^  and  of  popular  scientific  writ- 
ers, the  majority  of  the  "informed  public"  remains 
comparatively  illiterate  in  matters  that  relate  to 
nuclear  energy  and  indeed  to  energy  in  general. 

In  a  real  sen.se  the  central  task  of  the  Commis- 
sion is  one  of  technology  assessment  —  the  assess- 
ment of  the  basic  planning  concepts  that  underpin 
Ontario's  electric  power  system,  of  which  the  nu- 
clear power  programme  is  an  important 
component. 

We  have  recognized  since  the  early  stages  of 
the  inquiry  that  no  single  component  of  the  total 
system,  such  as  nuclear  power,  however  impor- 
tant, can  be  treated  in  isolation.  Analogously,  the 
single  lines  of  a  poem,  however  dramatic  or  poi- 
gnant, cannot  convey  the  meaning  of  the  whole 
when  read  independently.  Nuclear  power  is  a  key 
issue,  but  it  is  not  the  only  issue.  For  example,  hy- 
draulic power  and  the  generating  technologies 
based  on  the  fossil  fuels  will  continue  to  play  a 
significant  part  in  Ontario's  electric  power  system. 
As  well,  we  anticipate  that  various  alternative  en- 
ergy sources  will  become  increasingly  important. 

In  this  Report  we  seek  to  portray  nuclear 
power  in  this  larger  context.  The  basic  questions 
we  addre.ss  are  the  familiar  ones.  How  much  en- 
ergy and  electric  power  are  required?  How  should 
it  be  generated?  What  are  the  components  of  a 
nuclear  fuel  cycle?  What  are  the  health,  environ- 
mental and  safety  implications?  What  are  the  com- 
parative economics  of  nuclear  power  and  how  can 
the  programme  be  financed?  What  are  the  pros- 
pects.for  the  Canadian  nuclear  components  indus- 
try? How  adequate  are  uranium  supplies?  What 
are  the  socioeconomic,  political  and  ethical  impli- 
cations? How  adequate  is  the  regulatory  process 
governing  the  nuclear  fuel  cycle?  What  is  the  fu- 
ture role  for  nuclear  power? 

A  vision  of  the  future  based  on  the  notion  of  a 
"sustainable"  society  powered  by  environmentally 
benign,  abundant  and  affordable  technologies 
would  find  few  critics.  The  debate  is,  of  course, 
centred  on  the  strategies  required  to  bring  .such  a 
society  into  being   while  reducing  exponential 
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growth  without  generating  etonomit-  disaster  dur- 
ing the  transitional  period  to  approximately  the 
year  2000.  In  light  of  the  many  imcertainties  over 
the  medium  to  long  term  which  will  likely  charac- 
terize  both  the  demand  and  supply  parameters  of 
the  energy  equation,  we  have  concluded  that  en- 
ergy and  electricity  planning  in  Ontario  should 
seek  to  maximize  flexibility  during  the  transitional 


period.  It  should  be  a  primary  objective  of  energy 
planning  to  develop  and  have  available  bv  the  year 
2000  a  flexible  mix  of  options  to  meet  the  diverse 
needs  and  to  exploit  the  varied  capabilities  of  On- 
tario. The  energy  commitments  which  are  under- 
taken at  the  turn  of  the  century  should  be  made 
because  they  are  the  best  thing  rather  than  the  only 
thing  to  do. 
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Figure  2.1  International  Comparison  of  Energy  Use 
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Chapter  Two 

The  Demand 
for  Electricity 


We  believe  that  the  issue  of  uppermost  impor- 
tance remains  that  of  critical  examination  of  the 
demand  projections  which  have  been  made  for 
electric  power.  —  Sierra  Club  of  Ontario 
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'URING  the  public 
hearings  of  the  Commission  the  issue  of  the  future 
demand  for  electric  power'  in  the  province  has 
been  raised  on  many  occasions.  Probably  the  rea- 
son is  that  the  public  recognizes,  as  do  we,  that  the 
demand  for  electricity  is  closely  related  to  the  fu- 
ture growth  of  Ontario  —  growth  of  population, 
growth  in  food  requirements,  growth  of  industry  to 
provide  jobs  for  an  increasing  labour  force,  and  by 
no  means  least,  growth  of  social  institutions,  espe- 
cially in  the  health,  education  and  public  service 
sectors.  Certainly  in  the  past  fifty  years  the  devel- 
opment of  the  electric  power  system  of  the  prov- 
ince has  played  a  key  role  in  the  economy;  electric- 
ity can  be  readily  adapted  to  the  demands  of 
technological  society  and  gives  rise,  in  itself,  to 
new  technology  and  to  cultural  change.  But  there 
is  a  sound  basis  for  the  concerns  relating  to  the 
future  demand  for  electricity. 

Canada  consiuncs  more  energy  in  proporlimi  to 
economic  output  than  an\  other  western  countrs 
(Figure  2-1).  Furthermore,  on  a  per  (ipil  a  basis, 
our  consumption  ranks  second  only  to  that  of  the 
United  States.  Ontario,  with  a  population  of  S.  1 


million,  repre.senting  afjout  .36  per  cent  of  the  na- 
tion's popidation,  accoimts  for  roughly  the  same 
proportion  of  its  energy  consumption.  Beginning 
with  the  implications  of  the  world's  declining  oil 
resources,  and  concomitant  price  increases,  we 
outline  below  the  major  factors  which  will  deter- 
mine, in  large  measure,  the  future  demand  for  elec- 
tricity in  Ontario. 

In  common  with  most  western  countries, 
Canada  and  Ontario  depend  on  oil  as  their  major 
source  of  energy.  Although  most  of  Ontario's  oil 
comes  from  western  Canadian  sovirces,  these  sup- 
plies are  being  depleted;  as  well,  federal  govern- 
ment policy  is  to  increase  the  price  of  domestic  oil 
to  international  levels.  It  has  been  estimated  that  if 
the  share  of  oil  consumed  can  be  reduced  from  the 
present  level  of  46  per  cent  of  all  energy  used  in 
Canada  to  about  30  per  cent  by  the  \ear  2(XX),  then 
western  Canadian  supplies  will  probabK'  meet 
most  Canadian  retjuirements,  assuming  the  pro- 
posed tar  sands  oil  expansion  meets  expectations 
and  can  offset  the  decline  in  supply  from  con\en- 
tional  western  sedimentary  basin  reser\es." 

But  no  matter  what  corrective  action  is  taken,  it 
is  probable  that  Canada  will  have  an  oil  gap  in  the 
medium  term.  Figure  2-2  shows  current  projec- 
tions of  Energy,  Mines  and  Resources  Canada  of  oil 
availability  and  the  size  of  the  oil  gap  through 
1990.  These  are,  however,  premised  on  fairh  opti- 
mistic assiunptions  on  the  suppK'  side,  and  on  the 
.success  of  both  voluntary  and  mandatory  conser- 
vation measures  operating  on  the  demand  side. 
Even  .so,  the  import  bill  will  create  a  major  energy 
balance-of-pa\  nients  deficit  unless  significant 
quantities  of  Alberta  natural  gas,  of  which  there  is 
at  present  a  surplus,  are  sold  to  the  I'nited  States.' 
According  to  a  senior  energy  advisor  of  Ene^g^•. 
Mines  and  Resources  Canada,  "with  no  turn- 
around in  the  energy  .supply-demand  situation, 
Canada  would  be  facing  a  trade  deficit  in  its  oil 
account  alone  of  $7  to  $8  billion  a  year  in  the  latter 
half  of  the  next  decade"".'  Beyond  the  year  2(XX1  our 
domestic  oil  and  natural  gas  .supply  position  will 
depend  upon  the  economics  of  natural  'jas  extrac- 
tion from  "tight  western  Canadian  strata  and 
frontier  regions,  and  oil  extraction  from  tar  s;inds 
and  shales.  .\t  present  the  National  Energs  Boiird  is 
conduct  iuiihearintrs  info  oil  a\ailabilit\. 
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Figure  2.2  Canadian  Oil  Demand  and  Availability  1970-1990 
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Together  with  growtli  in  the  population  and 
economy  of  Ontario,  the  key  determinants  of  the 
fntiire  demand  for  electricity  will  he  the  measures 
adopted  to  fill  the  oil  gap.  These  will  include  some 
combination  of  conservation,  substitution  of  other 
energy  forms,  and  improved  energy  efficiency;  for 
example,  through  the  co-generation  of  electric  and 
heat  energy.  We  deal  briefly  with  each  of  these 
below. 

Energy  and  Population 

The  rate  of  growth  of  total  demand  for  energy  is 
highly  sensitive  to  demographic  variables.  Indeed, 
the  growth  rate'  is  approximately  the  sum  of  the 
population  growth  rate  and  the  rate  of  growth  of 
per  capita  energy  consumption.''  Ontario  Hydro 
has  stated  that,  "in  a  very  general  way",  of  the  his- 
toric growth  in  electrical  demand,  about  6.7  per 
cent  per  annum,  slightly  more  than  2  per  cent  is 
due  to  population  increase  and  the  remaining  4.7 
per  cent  is  due  to  increases  in  per  capita  consump- 
tion. Of  the  latter,  about  3  per  cent  is  "normal" 
increase  (presumably,  increases  in  productivity) 
and  1 .7  per  cent  is  due  to  conversions  to  electricity. 

The  relationship  between  future  demand  for 
electricity  in  Ontario  and  the  growth  of  the  prov- 
ince's population  and  economy  is  complex.  This  is 
essentially  because  such  key  factors  as  Ooss  Pro- 
vincial Product,  inter-energy  substitution,  and  the 
impact  of  energy  conservation  interact  in  a  com- 
plex way.  Some  of  the  scenarios,  introduced  subse- 
(juently,  illustrate  the  complexity  of  these 
relationships. 

Ontario's  population  growth  is  a  function  of 
fertility  rates  and  net  migration  into  the  province. 
These  are  difficult  variables  to  predict.  Table  2-1 
shows  the  effects  on  population  growth  of  different 
c()ini>inalionsof  these  factors.  !l  is  notcuorlln  thai 
changes  in  expected  fertility  rates  can  ouIn  iiave 
comparatively  small  effects  to  the  end  of  the  cen- 
tury. But  the  population  growth  rate  is  highK'  sen- 
sitive to  inunigration,  and  if  Clanadas  economic 
growth  rate  improves,  resumption  of  the  high 
immigration  ratesof  the  1960s  cannot  In-  iiilidout. 

From  195S  to  1973  Ontario's  population  <;re\\ 


at  2.1  per  cent  per  annum;  this  should  be  con- 
trasted with  the  present  official  government  fore- 
cast of  1.4  per  cent  average  to  2(X)I ,  and  an  unpub- 
lished later  estimate  of  1.2  per  cent.  Some 
demographers  believe  population  will  increase 
even  more  slowly.  Indeed,  a  study  undertaken  for 
the  Commission  forecasts  a  population  increa.se  of 
0.4  percentage  points  lower  than  the  "official  " 
forecast.'  If,  for  example,  Ontario  Hvdro  s  forecast 
load  growth  of  5.3  per  cent  to  2001  is  predicated  on 
the  official  population  foreca.st,  then  a  reduction  of 
0.4  percentage  points  in  population  growth  —  equ- 
ivalent to  approximately  1  million  fewer  Ontarians 
in  2001  —  would  reduce  the  recjuired  additional 
electric  capacity  by  12  per  cent,  or  the  equivalent 
of  almost  three  Pickering  .\  power  stations. 

The  scenarios  presented  later  are  based  on  1.2 
per  cent  as  "medium  "  population  growth,  and  0.9 
per  cent  and  1.5  per  cent  as  "low  "  and  "high  " 
growth  respectively. 

Energy  and  Economic  Growth 

To  exemplify  the  relationship  between  economic 
activity  and  the  demand  for  electricity,  we  have 
singled  out  five  basic  components  of  the  problem. 
First,  the  energy  needs  per  unit  of  economic  out- 
put; secondly,  the  reduction  of  these  needs  through 
conservation;  thirdly,  the  possible  saturation  of  the 
consumer  market;  fourthK.  changing  patterns  in 
industr\:  fifthU.  the  substitution  of  other  energy 
forms,  including  electricity,  foroilandgiis. 

As  we  pointed  out  earlier,  historically.  Ontar- 
io's steady  economic  and  industrial  growth  ha\e 
been  accompanied  and  facilitated  b\  a  concomi- 
tant growth  in  energy  use(Fig\ire  2-3\  However,  in 
the  longer  term,  as  energy  .supply  and  utiliz.ition 
technologies  have  changed,  there  ha\  e  l>een  alter- 
nating periods  of  falling  and  rising  energ\  cxin- 
sumplion  relative  to  economic  growth.  Paul  W". 
McCracken,  former  Chairman  of  the  President  of 
the  United  St.ites'  Coimiil  of  Kconomic  AcK  isors. 
has  been  tjuotcd  .is  saving  th.it 

the  slrikiiii;  thing  al>out  the  relationship 
between  the  rale  of  growth  in  output  .ind  the 
rale  of  increa.se  in  energ\  consnined  is  not  thai  it 
ol>\  iousK  exists.  ImiI  that  it  is  so  \arialilo.  ThLs 
suggests   tli.il    wo   cannot   he  certain   whal   .» 
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Table  2.1  Effect  of  Fertility  and  Migration  on  Population,  Ontario,  1975-2001 


FertilUy 

Net  migration 
into  Ontario 
(Thousands) 

Average  annual  rate 
of  population  growth 
(p)er  cent) 

Population  in  2001 
(Millions) 

Low 

Medium 
High 

25,000 
50.000 
75,000 

25,000 
50,000 
75,000 

70,000 

0.9 
1.3 
1.6 

1.1 
1.4 
1.7 

2.1^ 

10.3 
11.2 

12.2 

10.7 
11.6' 
12.6 

13.7 

Ontario  Government  Official  Projection. 
-     Actual  growth  rate  1958-1973. 
SOURCE     Economic  Analysis  Branch,  Ontario  Ministry  of  Treasury.  Economics  and  Intergovernmental  Affairs,  1975. 
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Figure  2.3  Ontario  Energy  Consumption  and  Economic  Growth  1959-1975 
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Figure  2.4  Effect  of  Import  Dependence  on  Energy  Use 

Index  of  energy 
consumed  per  unit 
of  economic  output 
(Canada  =  100) 
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SOURCE  Based  on  Joel  Darnistadter,  et  al.,  How  Industrial  Societies  Use  Eiieray:  A  Compamtwe  Aruilysis  (Baltimore: 
Johns  Hopkins  Universit\'  Press,  1977.) 
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change  in  energy  availability  will  mean  for  eco- 
nomic activity. 

Referring  again  to  Figure  2-1,  it  is  noteworthy 
that  we  Canadians,  at  present,  require  about  75  per 
cent  more  energy,  per  unit  of  output,  than  several 
other  western  industrial  nations.  The  reasons  for 
this  apparently  profligate  use  of  energy  are  the 
immense  size  of  the  country,  its  comparatively  se- 
vere climate  and  the  preponderance  of  high  en- 
ergy-intensive industries,  such  as  the  forest  and 
mining  industries.  But  there  is  another  reason:  na- 
tions like  Canada,  with  abundant  and  cheap  energy 
supplies  and  virtual  energy  self-sufficiency,  have 
tended,  historically,  to  be  more  prodigal  in  energy 
use.  This  is  strikingly  illustrated  in  Figure  2-4.  The 
implication  is  that  as  our  energy  prices  approach 
world  prices,  and  as  conservation  measures  take 
effect,  our  "energy-intensity"  —  the  amount  of  en- 
ergy we  need  to  produce  a  unit  of  output  —  will 
tend  to  approach  that  of  other  countries.  In  conse- 
quence we  anticipate  a  gradual  decoupling  of  en- 
ergy u.se  and  economic  growth  that  will  last  at  least 
until  we  have  achieved  a  higher  degree  of  energy 
efficiency." 

Energy  con.servation,  and  all  that  it  implies,  is 
clearly  a  central  factor  in  any  assessment  of  the 
future  demand  for  electricity.  Fortunately,  the 
conservation  ethic  appears  to  be  acceptable,  at 
least  in  principle,  to  a  broad  cross-section  of  the 
people  of  the  province,  to  their  governments  — 
federal,  provincial  and  municipal  —  and  in  the 
main,  to  the  utilities  that  serve  them.'  Quite  sim- 
ply, conservation  implies  the  wise  and  careful  use 
of  a  resource.  How  much  energy  can  be  saved  by 
comparatively  sinqilc  means,  without  much,  if 
any,  change  in  lifestyle?  Perhaps  much  more  than 
we  think.  The  two  largest  opportunities  for  energy 
coaservation  in  Canada  and  Ontario,  in  the  mid- 
term, are  space  heating  and  automobile  mileage 
performance.  It  is  important  to  realize  that  these 
and  other  essenlialK'  non-electric  conser\'ation 
measures  may  have  a  major  effect  on  future  electri- 
cal demand  since  they  reduce  the  need  to  substi- 
tute electricity  for  oil  and  gas. 

Interestingly,  the  practice,  in  the  broadest 
sense,  of  ccjnservation  could  provide  a  boost  to  the 
economy  of  the  province  in  the  replacement  of 
energy-intensive  materials  machines  and  processes 


by  more  efficient  .systems.'"  Furthermore,  there  is  a 
burgeoning  interest  in  such  "conservation  techno- 
logies" as  solar  energy  and  the  "heal  pump"." 
(Under  the  heading  "The  Non-Nuclear  Options  for 
Ontario",  some  of  the  conservation  technologies 
are  described  in  Annex  E.)  However,  it  cannot  be 
over-emphasized  that  the  so-called  alternative 
technologies  are  not  ready-made  energy  panaceas. 
In  one  way  or  another,  each  of  them  requires  the 
investment  of  both  capital  and  energy.  To  save  en- 
ergy in  the  long  nm,  we  mav,  and  probably  will, 
have  to  expend  more  energy,  as  well  as  capital, 
over  the  short  nm.  But  we  can  be  certain  that  such 
investments  will  prove  increasingly  profitable  as 
energy  prices  rise.  Slowly,  but  inexorably,  the 
practice  of  conservation  and  the  introduction  of 
the  "conservation  technologies "  will  reduce  the 
future  demand  for  both  total  energy  and  electric- 
ity. This  is  well  illustrated  in  the  tentative  energy 
demand  scenarios  presented  later  in  this  chapter. 

Ultimately  energy  consumption  will  depend 
on  other  fundamental  (juestions,  such  as  the  effects 
on  economic  growth  of  possible  saturation  of  con- 
sumer markets,  and  changing  patterns  of  industry. 
Demand  may  already  be  moderating  for  such  en- 
ergy-intensive amenities  as  food,  space  heating, 
and  transportation.'-  We  have  noted,  in  particular, 
that  there  is  some  evidence  of  a  degree  of  "s;itura- 
tion"  in  the  electrical  appliance  market.  Factors 
which  militate  against  saturation  include  incre;us- 
ing  obsolescence  levels  of  consumer  goods,  the 
need  to  divert  productive  capacity  to  meet  en- 
vironmental and  conservation  recjuirements.  and 
the  mining  of  increasingh  hard  to  extract  mineral 
and  fuel  resovirces.  We  are  studying  potential  eco- 
nomic saturation  with  the  help  of  Dr.  B.C.  Mclnnis 
of  Statistics  Canada,  using  the  Department "s  long 
term  simulation  model. 

.\lmost  40  per  cent  of  Ontario's  industrial  elec- 
trical energ\-  demand  is  accounted  for  In  three 
large  and  energy-intensive  industries  —  pulp  and 
paper,  industrial  chemicals,  and  iron  and  steel. 
Moreover,  the  depletion  of  mineral  resources  mav 
call  for  increasing  energv  needs  in  the  mining  in- 
dustrv ,  the  fourth  major  consumer.  But  if  the  cur- 
rent drive  towards  less  energv -intensive  setxindarv 
industry  is  successful  there  will  inevitablv  \ie  a  re- 
duction in  industrial  energv  needs.  For  e.vample. 
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Figure  2.5  Ontario's  Sectoral  Energy  Use,  1959-1975 
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automobile  manufacturing  recjuires  only  about 
one-twelfth  as  much  energy  per  dollar  of  value 
added  as  pulp  and  paper.  Employment  and  bal- 
ance-of-paymenls  objectives  may  stimulate  this 
drive,  but  the  effect  will  inevitably  be  to  moderate 
energy  requirements.  Other  examples  in  Ontario 
are  the  communications,  information  processing, 
and  electronics  industries.  Not  only  do  these  indus- 
tries tend  to  be  labour  intensive,  and  low  energy 
users  but,  additionally,  they  are  energy  savers 
through  the  manufacture  of  computer-based  en- 
ergy management  systems.  Such  systems  are 
becoming  increasingly  important  in  medium-  and 
large-scale  energv  conservation  prograiiunes.  Just 
as  "load  management"  is  an  important  re(juire- 
ment  in  an  electric  power  system,  .so  is  the  energy 
management  system  in  industry,  becau.se  of  e.sca- 
lating  energv  costs.  Furthermore,  we  must  look 
forward  increasingly  to  trading  off  energy  (for  ex- 
ample in  transportation)  for  communication.  Areas 
such  as  the.se  provide  opportunities  for  imagina- 
tion and  initiative  as  well  as  government  encour- 
agement and  stinuilation. 

We  next  pose  the  question:  What  substitutes 
for  oil  (and,  to  a  lesser  extent,  certainly  over  the 
time  period  of  concern  to  us,  for  natural  gas)  are  or 
will  become  available?  The  changing  mix  and  cor- 
responding growth  rates  of  the  major  forms  of 
"end-use"  energv  in  Ontario  for  the  period  19.59  to 
1975  are  shown  in  Figure  2-.3,  and  for  energy  use  by 
sector  in  Figure  2-5.  Over  the  sixteen  year  period, 
oil  and  natural  gas  increased  their  share  of  the 
"end-use"  market  from  57  to  76  per  cent,  while 
electricity  s  share  increased  from  about  10  per  cent 
to  almost  15  per  cent.  Clearly  the  problem  of  find- 
ing suitable  substitutes  for  oil  and  natural  gas  will 
not  be  easv. 

In  recent  years,  there  has  been  a  huge  increa.se 
in  energy  consumption,  and  concomitantly  in  en- 
ergy waste,  in  the  commercial  sector,  a  major  in- 
crease in  the  transportation  sector  (which  accounts 
for  most  of  the  high  rateof  increase  of  oil  consump- 
tion in  Ontario),  and  a  gradual  increase  in  energ\' 
consumption  in  botii  the  indusliial  and  ilomcslic 
sectors. 

Any  consideration  ol  lucl  or  cncrg\  substitu- 
tion must  take  into  account  the  basic  end-u.se  cate- 
gories, togctlicr  with  lUv'w  rcspecti\c  total  cncrg\' 


and  electricity  requirements,  as  shown  in  Table 
2-2."  Three  end-use  categories  —  space  heating, 
water  heating,  and  industrial  process  heat  —  con- 
sumed al)out  .57  per  cent  of  all  Ontario's  end-use 
energy  in  1974.  This  need  was  met  largely  by  oil 
and  natural  gas;  like  electricity,  both  are  high-qual- 
ity energv  sources.  We  have  no  reason  to  believe 
that  the  situation  in  1978  differs  appreciably  from 
that  in  1974. 

The  future  demand  for  electricity  will  depend, 
verv  markedlv,  on  the  extent  to  which  it  is  vrsed  for 
space  and  water  heating,  and  for  industrial  process 
heat.  It  has  been  argued  that  such  comparati\'ely 
low-temperature  energy  uses  should  be  supplied, 
as  far  as  possible,  bv  renewable,  or  low-(juality, 
heat  sources.  Solar  energy  and  district  heating  are 
mentioned  most  frecjuently  as  the  preferred 
sources.  However,  it  is  important  to  bear  in  mind 
that,  although  therniodynamically  optimal,  such 
energv  sources  ma\  not  be  economically,  or  indeed 
environmentallv,  acceptable."  .\ccordingly.  al- 
though renewable  energy  sources  are  admirably 
suited  for  some  applications,  thev  are  clearly  quite 
unsuited  for  others.  For  example,  solar  energy  is 
appropriate  for  space  and  water  heating,  but  is  not 
well  suited  to  generating  industrial  process  heat 
where  the  rc(|uircd  temperatures  exceed  about 
KM)  C. 

.\t  present  about  10  per  cent  of  Ontario's 
homes  are  electricallv  heated.  However,  the  pro- 
portion has  been  increasing  recently:  over  -30  per 
cent  of  newlv  constructed  dvsellings  are  electri- 
callv heated.  Because  of  the  sea.sonal  nature  of  the 
electric  space  healing  load  in  Ontario,  it  is  highly 
probable  that  the  present  electricity  rates  are 
below  the  true  cost  to  Ontario  Ihtlro  of  supplying 
this  load.  More  appropriate  pricing  of  electricity 
for  space  heating  purposes  might  have  the  desir- 
able effect  of  increasing  the  competitiveness  of  so- 
lar energ\' anil  ilistritt  healing. 

Ontario  Hydro's  Ixiad  Forecast 

K\erv  spring.  Ontario  Hvilro  issues  a  lixul  forecast 
as  the  basis  for  planning  expansion  of  the  eltvlric 
production  and  deliverv  svslems.  Sint^  1922.  peak 
eleclricitv  demand  has  followed  an  aNcragc 
growth  trend  of  (S.S  per  lenl  per  .uinum.  .Vfter 


20 
A  RACE  AGAINST  TIME 


Table  2.2  Ontario  Energy  Consumption  by  End-Use  Catagories,  1974 


End 
use 

Share 
of  total 

Share  of  total 
electricity 

Electricity 
consumption  as  a 

category 

energy  consumption 
(per  cent) 

consumption 
(Per  cent) 

proportion  of  total 
energy  consumption 

Residential' 

Space  heating 
Water  heating 

14.0 
3.0 

5.8 
8.6 

6 
41 

Air  conditioning 

O.I 

0.3 

100 

Other  appliances 

2.1 

14.1 

96 

Farm  equipment 

2.5 

- 

— 

Total 

21.6 

28.8 

19 

Commercial 

Space  Heating 
Water  heating 
Air  conditioning 
Other 

9.3 
1.2 
1.3 
3.5 

2.1 

1.4 

8.9 

18.5 

3 

16 

100 

77 

Total 

15.3 

30.9 

29 

Transportation 

25.8 

- 

- 

Industry 

Process  steam 

17.2 

— 

— 

Direct  heat 

11.8 

2.8 

3 

Electric  drive 

4.4 

30.7 

100 

Electrolytic  processes 

Lighting 

Other 

0.4 
0.6 
2.9 

2.8 
4.1 

100 
100 

Total 

37.3 

40.3 

16 

Total  Ontario 

lOO.O 

100.0 

14 

Major  Heat  Items 

Space 
Water 

23.3 
4.2 

7.9 
9.9 

5 
34 

Industrial  process 

29.0 

2.8 

1 

Total 

56.5 

20.6 

5 

Includes  farm  consumption. 
SOURCE  Approximate  values  estimated  RCEPP. 
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1969,  however,  it  decreased  to  5.2  per  cent.  Never- 
theless, for  a  variety  of  reasons,  load  forecasts  re- 
mained above  7  per  cent  until  1976.  The  1977  and 
1978  load  forecasts  were  predicated  on  growth 
rates,  to  the  year  1985,  of  6.4  per  cent  and  5.5  per 
cent,  respectively.  Accordingly,  the  addition  to 
peak  load  expected  between  1975  and  1985  is  35 
per  cent  (i.e.  4940  MW)  lower  than  was  predicted 
in  1976.  Since  Ontario  Hydro  attempts  to  maintain 
a  reserve  capacity  margin  of  approximately  25  per 
cent  over  peak  load,  this  reduced  load  forecast 
implies  a  corresponding  capacity  reduction  of 
6200  MW;  this  is  the  equivalent  of  more  than  three 
Pickering  A  stations. 

The  utility's  system  expansion  programme  cor- 
responding to  the  1977  load  forecast  would  result 
in  a  projected  capacity  for  the  east  system  of  about 
3000  MW  over  that  called  for  under  the  new  load 
forecast  to  maintain  preferred  levels  of  reliability. 
This  "surplus"  was  reduced  to  about  1900  M  W  by 
the  cancellation,  announced  by  the  provincial  Min- 
ister of  Energy  on  April  17, 1978,  of  constmctionof 
two  oil-fired  units  at  the  Wesleyville  generating 
station.  The  effect  of  changing  forecast  growth 
rates  is  exponential.  It  can  be  dramatic.  The  1977 
peak  demand  in  Ontario  was  15,700  M  W.  .\  6.2  per 
cent  average  annual  growth  rate  (Ontario  Hydro's 
1977  forecast)  would  result  in  a  peak  demand  in 
2007  of  95,400  MW,  whereas  a  5. 1  per  cent  growth 
rate  (1978  forecast)  would  result  in  a  2007  peak 
demand  of  only  69,800  MW. 

In  addition  to  the  Ontario  I  lydro  load  forecasts, 
several  projections  of  demand  for  electric  power 
have  been  submitted  to  the  Commission.  We  men- 
tion just  two.  The  Ontario  Ministry  of  Treasury, 
Economics  and  Intergovernmental  Affairs  esti- 
mates a  potential  range  of  increase  in  elcctricil\ 
demand  to  1995  of  3':  to  5':  per  cent  per  annum. 
Dr.  R.J.  Uffen,  Dean  of  .Vpplied  Sciences,  Queen's 
Universitv,  suggests  that  the  most  probable  among 
a  niunber  of  scenarios  is  one  in\'oi\inga  linearadcii- 
lioii  to  clein.uui  at  (lie  rale  of  1,(MK)  MW  aniiuallv. 
While  it  produces  the  same  additional  demand  by 
1985  as  Ontario  Ihdros  latest  load  forecast.  Dr. 
Uffens  scenario  implies  an  axerage  of  4  per  cent 
annual  growth  to  2(KK)  in  contrast  with  Ontario 
Hydro's  5.3  per  cent  average  growth  to  the  .s;une 
vear. 


Some  Tentative  Electrical  Demand 
Scenarios 

During  our  intjuiry  we  had  the  benefit  of  produc- 
tive discussions  with  energv  analysts  and  policy 
advisers  of  Energy,  Mines  and  Resources  Canada, 
the  National  Energy  Board  and  the  Ontario  Minis- 
tries of  Energy,  and  Treasury,  Economics  and  In- 
tergovernmental Affairs.  We  are  grateful  for  the 
unstinting  help  of  these  individuals,  loo  numerous 
to  mention  here,  in  a.ssisting  us  to  understand  the 
intricacies  of  electrical  growth.  We  also  thank  the 
Canadian  Electrical  .Association  who  included  us 
in  a  seminar  to  discuss  new  forms  of  electrical  en- 
ergy forecasting.  These  discussions,  together  with 
the  considerable  amount  of  data  we  assembled  dur- 
ing our  hearings,  have  made  possible  the  develop- 
ment by  the  Commi.ssion  of  a  simple  model  to  ex- 
amine some  key  interrelationships.  For  the 
purpose  of  this  report  we  present  some  basic  as- 
sumptions and  conclusions.  In  particular,  we  have 
used  the  model  to  exemplify  the  central  impor- 
tance of  conservation  inourenerg\  future. 

The  model  presents  electricity  requirements  as 
a  function  of  the  variables  introduced  earlier  in  this 
chapter:  population  growth;  productivity  growth; 
degree  of  conservation;  availability  of  oil  and  natu- 
ral gas;  and  the  substitution  of  coal  for  oil  and  natu- 
ral gas  in  the  industrial  process  heat  market  and  the 
penetration  of  renewable  energv  forms . ' ' 

It  is  convenient  to  introduce  "degree  of  conser- 
vation achieved  "  in  terms  of  an  energy  growth  co- 
efficient. This  is  defined  as  total  energ^•  growth  rate 
divided  bv  the  economic  growth  rate  real  domes- 
tic product\  The  greater  the  degree  of  coiiser- 
vation  achieved  the  smaller  the  energy  growth  c-o- 
efficient.  We  have  designated  the  con.ser^•ation 
levels  as  .\,  B,  C,  D.  These  are  baseti  on  historical 
information,  as  well  as  conser\ation  projections. 
The  numerical  values  and  bitsis  for  estimation  .ivso- 
cialed  with  each  level  are  as  follo\s  s: 
.\  —  No  conser\alion:  the  historical  relationship 
between  energv  and  economic  grow  th  in  Ontario 
(1959-1972^-0.81 

B  —  Low  conservation:  the  jxist-OPEC  periixl  of 
price-induced  con.ser\  ation""  —  0.6-1 
C  —  Medium  con.servation:  p;irtial  attainment  of 
the  potential  indicated  under  Level  D  —  0.4S 
D  —  High  conser\ation:  the  [xilenlia!  indicated  by 
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Figure  2.6  Ontario  Total  End-Use  Energy  Requirements,  1975-2000 
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SOURCE  Projections  hy  RCEPP. 
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Energy,  Mines  and  Resources  Canada  for  the  pe- 
riod to  1990'' -  0.31. 

Figure  2-6  shows  the  striking  impact  on  total 
Ontario  end-use"  energy  growth  to  the  year  2(X)() 
of  the  above  four  conservation  levels,  assuming 
mediumi  economic  growth  of  4  per  cent.'"  (Me- 
dium economic  growth  results  from  medium  pop- 
ulation growth  and  medium  productivity  growth.) 
We  present  here  three  scenarios:  "high"  (6  per 
cent),  "medium"  (4  per  cent),  and  "low"  (2  per 
cent)  annual  growth  in  demand  for  electrical  en- 
ergy for  the  period  1975  to  2000.  Ontario  Hydro's 
most  recent  forecast  is  5.3  per  cent  over  the  same 
interval.  Each  of  the  three  growth  rates  is  within 
the  bounds  of  possibility.  Each  can  be  achieved 
through  many  different  combinations  of  our  key 
variables.  For  example,  if  conservation  is  only  at 
the  low  level,  then  with  medium  population  and 
productivity  growth,  severely  restricted  availabil- 
ity of  oil  and  gas,  and  only  slight  penetration  of 
renewables,  high  (6  per  cent)  electrical  growth 
will  be  required,  despite  a  high  use  of  coal.  But 
even  with  conservation  at  the  medium  level,  this 
high  level  of  electrical  growth  will  be  recjuired 
under  the  following  conditions:  the  immigration 
rate  reverts  to  its  1960s  level,  Canada  decides  to 
reserve  some  natural  gas  for  use  after  2000,  or  to 
export  it,  if  international  prices  become  very  high, 
and  the  expansion  of  coal  into  industry  is  merely 
moderate.  Indeed,  .such  a  high  electrical  growth 
rate  coupled  with  high  conservation  has  been  pro- 
jected by  a  major  study  undertaken  in  the  United 
States.-"  Similarly  the  low  (2  per  cent)  electrical 
growth  rate  is  possible  if  natural  gas  and  oil  exhibit 
a  moderate  but  not  unreasonable  rate  of  growth, 
either  with  low  economic  growth  allied  with  me- 
dium conservation,  or  medium  economic  growth 
allied  with  high  conservation. 

Two  important  conclusions  are  readilv  derived 
from  our  model.  First,  cnergv  con.ser\ation  is  of 
profound  significance  and  must  be  pursued  with 
vigour,  and  .secondlv,  until  uncertainties  relating  to 
the  central  variables  we  have  itlcntified  arc  at  least 
partiall)'  resolveil,  it  is  extremch  tlillicult  to  fore- 
cast, with  any  degree  of  reliabililw  future  demand 
for  electric  power. 

On  the  basis  of  present  incomplete  knowledge. 


our  "interim  conclusion"  is  that  the  most  probable 
electrical  growth  rate  to  2000  is  in  the  4.0  per  cent 
range.  While  .stressing  the  credibility  of  the  6  per 
cent  growth  scenario,  we  believe  it  reflects  loo  lit- 
tle con.servation,  too  little  oil  or  gas,  and  too  high  a 
rate  of  productivity  growth.  It  may  also  imply  too 
fast  a  rate,  in  practical  terms,  of  electricity  substi- 
tution in  space  heating  or  industrial  process  heat- 
ing. Indeed,  much  more  in-depth  study  of  the  (jues- 
tion  of  the  tnie  cost  of  electricity  in  space  heating  is 
recjuired  before  its  large-scale  adoption  can  be  as- 
sumed. Significant  too  is  the  conclusion  of  a  study 
carried  out  for  the  Commission  based  on  the  On- 
tario Ministry  of  Energy's  demand  model,  which 
suggests  that  6  per  cent  electrical  growth  would  be 
difficult  to  achieve.-' 

The  2  per  cent  electrical  growth  rate  is  also 
credible;  it  is  supported  by  the  consultants'  stud\ 
just  referred  to."  Further,  there  are  factors  which 
tend  to  reduce  the  rate  of  growth  of  energy  de- 
mand on  Ontario  Hydros  system  that  we  have  ig- 
nored in  our  simple  model.  These  include  in- 
creased future  use  of  industrial  self-generation  and 
co-generation,  and  the  use  of  thermal  generating 
station  waste  heat  for  space  heating  and  industrial 
process  heat.  Impro\ed  load  management,  al- 
though it  does  not  change  the  energ\  growth  rate, 
does  lower  the  rate  of  growth  of  peak  demand  and 
hence  the  total  system  capacit)'  requirements. 

However,  two  main  factors  militate  against  the 
2  per  cent  electrical  grow  th  rate:  first,  a  possible 
relativelv  rapid  growth  of  "nece.s.s;irily  electric" 
uses,  especially  industrial  motor  drives,  may 
occur."'  This  factor  is  inade(]uately  treated  in  our 
simple  model  and  in  the  present  version  of  the  On- 
tario Ministry  of  Energy  model.  Secondlv.  the  an- 
ticipated world-wide  tiijhteninii  of  oil  antl  ij.is 
availability  starting  about  the  mid  19S0s.  with  ctin- 
.sequent  increases  in  international  prices,  could 
encourage  increasing  ii.se  of  electricity. 

There  is  clearK  a  need,  at  \xiih  federal  and  pro- 
\  incial  levels,  to  develop  a  total  energy  planning 
framework.  The  so-called  LE.VP  iLxing-range  En- 
ergy .Vssessment  Program^  sludv  of  Energ\ .  Mines 
and  Resources  C«uiada  is  .i  beginning  in  this  direc- 
tion, as  is  the  Ontario  Ministrv  of  Energy  s  Supply 
anil  Demand  for  Energ\-  sludv.  Such  programmes 
should  be  eni'ouraued. 


Chapter  Three 

The  Supply  of 
Electric  Power- 
Planning  for  2000 


H 


.AVING  determined  a 
forecast  of  peak  demand,  an  electric  utility  then 
proceeds  to  establish  how  much  new  capacity  is 
required,  when  it  is  needed,  what  types  are  most 
desirable  and  where  the  new  plants  should  be  lo- 
cated. This  is  known  as  the  system  planning 
process.  Twenty-year  planning  is  now  recognized 
as  necessary  by  Ontario  Hydro.  The  planning  hori- 
zons are  long  because  of  the  time  recjuired  for  pub- 
lic participation,  government  approvals,  site  ac(ju- 
isition,  design,  construction  and  commissioning  of 
each  major  facility. 

The  principal  emphasis  of  the  system  planning 
process  is  on  the  forecast  load  about  fourteen  vears 
into  the  future  and  the  generation  alternatives 
available  to  meet  that  load.  This  essentially  con- 
fines the  choice  to  those  technologies  that  are  then 
currently  technically  and  cnyironmcnlalK  feasible 
and  cost  coinpelitivc.  I'o  maintain  the  maxinunn 
flexibility  in  the  face  of  changing  loads,  projects  are 
not  committed  until  ihev  are  considered  essential 
to  maintain  system  reliability. 

In  this  chapter  we  will  diseuss  some  of  the  ma- 
jor components  of  the  system  planning  process. 


Capacity  Planning 

The  system  planning  process  begins  with  a  foreciist 
of  "firm"  peak  load,  which  is  total  peak  load  minus 
industrial  interniptible  and  any  managed  load.  The 
objective  is  to  design  a  system  which  will  provide 
sufficient  capacity,  not  only  to  meet  the  firm  system 
peak  load  but  also  to  accommodate  contingencies 
that  may  affect  the  supply  of  electricity.  These  in- 
clude equipment  failure,  unscheduled  mainte- 
nance or  shutdowns,  low  water  levels  and  storm 
damage.  The  first  category  of  generation  called 
upon  to  accommodate  these  c-ontingencies  is 
known  as  "spinning  reserve"  because  it  is  kept  in 
constant  readiness  to  accept  load.  If  necessary. 
other  reserves  can  be  drawn  upon  with  some  time 
lag.  "Reserve  margin"  is  the  (juantitative  expres- 
sion of  the  total  reserve  available  for  operation  as  a 
percentage  of  annual  firm  peak  loud. 

Determination  of  optimum  reserve  capacity 
involves  a  complex  technical  assessment  of  the 
probability  of  unexpected  ecjuipment  failures 
(forced  outage  rate)  and  routine  maintenance  re- 
quirements. Utilities  maintain  detailed  operating 
records  to  assist  in  this  evaluation  and  to  develop  a 
forecast  of  what  is  known  as  the  "availability  fac- 
tor" of  their  generating  units  ^percentage  of  time 
thai  units  are  available  to  supply  electricity'.  The 
large  thermal  units  of  Ontario  H\dro  have  availa- 
bility factors  of  about  77  per  cent  and  the  hydro- 
electric units  95  per  cent.  These  a\ailabilit\  factors 
are  reflected  in  the  amount  of  reserve  capacity 
planned  for  the  system. 

The  present  Ontario  electric  power  system 
retjuires  a  reserve  margin  in  the  ortler  of  .30  per 
cent  to  meet  the  current  utility  reliability  crite- 
rion, which  limits  generating  system  failures  to 
meet  u  eekdav  peaks  to  onlv  one  da\  in  ten  years. 
l.\ssuming  that  there  are  240  working  ila\s  in  a 
year,  this  criterion  gives  a  "loss  of  load  probability  " 
of  1/2 100th).  Because  thermal  generating  vmits 
have  higher  forced  outage  and  maintenance  re- 
(|uircincnls  than  Inclraulie  units,  s\slems  with  a 
higher  proportion  of  thermal  generation  require 
greater  reserve  cap;icit\'.  North  .\merican  experi- 
ence has  also  shown  that  the  very  large  thermal 
stations,  whether  nuclear  or  fossil,  have  higher 
forced  outage  rates,  and  hence  lower  reliability. 
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Figure  3.1  Efficient  Operating  Range  of  Alternative  Types  of  Power  Sources 
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than  smaller  plants  do.  Net  energy  output  per  kilo- 
watt is  thus  less  for  such  units.'  Reserve  require- 
ments also  increase  with  the  size  of  individual  units 
in  relation  to  the  size  of  the  system. 

Incremental  reserve  capacity  tends  to  increase 
more  than  proportionately  to  the  increase  in  unit 
size.  If  in  the  future,  Ontario  Hydro  adds  1250  MW 
nuclear  units  with  an  estimated  forced  outage  rate 
of  12  per  cent,  instead  of  the  currently  committed 
850  M  W  units  which  have  an  estimated  10  per  cent 
forced  outage  rate,  an  incremental  reserve  capac- 
ity of  400  MW  per  unit  or  .32  per  cent  of  the  unit 
capacity  would  be  required,  as  compared  to  160 
MW  or  19  per  cent  of  the  capacity  of  the  smaller 
units.^  We  examine  some  of  the  offsetting  benefits 
of  the  larger  units  in  a  discussion  of  economies  of 
scale  in  Chapter  7. 

The  ratio  of  energy  delivered  by  a  generating 
unit  over  a  given  time  period  to  the  maximum  en- 
ergy which  could  be  delivered  if  the  unit  operated 
continuously  at  peak  capacity  is  called  its  "capac- 
ity factor".  New  capacity  additions  are  planned  for 
use  in  one  or  more  of  the  following  four  modes 
based  on  capacity  factors:  base  load,  intermediate 
load,  peak  load,  and  reserve.  All  generating  units 
operating  at  annual  capacity  factor  of  55  per  cent 
or  more  are  classified  by  Ontario  Hydro  as  base  load 
units.  Intermediate  load  units  operate  at  capacity 
factors  from  10  to  55  per  cent  and  peak  load  units 
operate  at  capacity  factors  of  less  than  10  per  cent. 

Based  on  the  foregoing  definitions  and  the  as- 
sumed annual  pattern  of  demand,  Ontario  Hydro 
estimates  that  the  base  load  component  will  consti- 
tute about  69  per  cent  of  capacity  (and  supply  over 
89  per  cent  of  energy),  the  intermediate  load  com- 
ponent almost  22  per  cent  of  capacity  (and  over  9 
per  cent  of  energy)  and  the  peak  load  and  reserve 
component  the  remainder.  Generation  planning 
attempts  to  match  technologies  to  these  recjuire- 
ments,  taking  into  account  their  technical  and  eco- 
nomic suitability  for  particular  modes  of  opera- 
tion, their  capability  to  respond  to  increases  or 
decreases  in  load  (i.e.,  t()"l()ad-loll<)w"',  their  capi- 
tal costs,  and  the  availability  of  input  fuel.  Figure 
3-1  illustrates  in  a  very  general  way  the  spectrum 
ol  technologies  available  for  large-scale  generation 
and  three  key  economic  characteristics  of  each 
technology. 


Although  in  the  past  Ontario  Hydro  relied  pri- 
marily on  hydraulic  power,  since  I960  it  h;is  in- 
creasingly turned  to  thermal  generation  as  the  bulk 
of  the  economic  hydraulic  potential  of  the  prov- 
ince was  harnessed.  Hydraulic  power  now  ac- 
counts for  less  than  30  per  cent  of  total  electrical 
capacity. 

I^irge  central  thermal  generating  stations  fuel- 
led l)y  oil,  natural  gas,  coal  and  uraniiun  now  make 
the  major  contribution  to  the  electrical  supply.  As 
a  result,  an  a.ssured  supply  of  suitable  fuel  at  com- 
petitive prices  has  become  a  key  element  in  deter- 
mining future  commitments. 

In  recent  years  the  price  of  oil  has  escalated 
sharply  while,  at  the  same  time,  the  perceived  se- 
curity of  supplies  has  decreased  markedly.  Accord- 
ingly, Ontario  Hydro  is  not  planning  further  large 
generating  stations  fired  by  oil.  The  availiability  of 
supply  to  existing  oil-fired  stations  is  reasonably 
assured  through  the  export  policy  of  the  National 
Energy  Board  which  recjuires  that  domestic  needs 
receive  first  priority.  Howeyer.  long-term  reliabil- 
ity of  supply  of  domestic  oil  is  uncertain,  depend- 
ing on,  among  other  things,  go\ernment  action  to 
encourage  the  development  of  additional  frontier 
or  tar  sands  oil. 

Ontario  Ihciro  uses  natural  gas  at  the  12(X)M\\' 
Hearn  U.S.  on  the  Toronto  waterfront,  mainly  to 
meet  air  ((ualitv  standards.  But  natural  g;Ls  is 
becoming  as  costly  as  oil  and  it  is  wideh'  considered 
to  be  a  premium  fuel  which  can  be  better  used  for 
other  applications  than  "firing  boilers  .  Ontario 
Hydro  does  not  anticipate  an\  increase  of  its  pre- 
-sent  annual  natural  gasconsiuuption. 

As  a  result  of  these  suppK  constraints  for  natu- 
ral gas  and  oil  the  fossil  component  of  Ontario  H\- 
dro's  expansion  programme  is  based  on  coal.  Coal 
having  a  sulphur  c-ontent  low  enough  to  meet  en- 
\ironmentaI  standards  is  available  in  limited 
amoimts  from  the  E^istern  Ihiited  States.  Western 
Canada  low  sulphur  coal  is  plentiful  but  transpor- 
tation and  handling  costs  are  very  hii^h.  Other  mi- 
nor coal  sources  are  located  in  Nova  Scotia  and  in 
Ontario  at  the  Onakavvana  lignite  dejKisit  near 
James  Bav  v\  here  proven  reserves  are  estimated  to 
be  sufficient  for  the  lifetime  ret|uirements  of  a  KXX^ 
MW  plant. '  The  Onakavyana  de^xisit  is  further  dis- 
cu.ssed  in  .\nnex  E. 
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Figure  3.2  Patterns  of  Electric  Power  Demand  and  Generation 
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Ontario  Hydro  now  purchases  most  of  its  coal 
requirements  from  the  United  States,  Init  recent 
contracts  provide  for  the  delivery  within  two  years 
of  3.4  million  tonnes  of  bituminous  coal  per  year 
and  910  thousand  tonnes  of  lignite  from  western 
Canada.  By  1990,  Ontario  Hydro  may  be  purchas- 
ing one-third  of  its  coal  from  Canadian  sources. 
Because  low-quality  coal  and  lignite,  when  used  in 
existing  stations,  pose  certain  technical  problems 
the  utility  is  currently  carrying  out  studies  and 
tests  to  determine  the  future  potential  of  these  re- 
sources for  Ontario. 

Of  all  the  fuels  used  by  Ontario  Hydro,  only 
uranium  is  indigenous  to  the  province,  in  poten- 
tially large  quantities  (see  Chapter  9).  Conse- 
quently, the  utility's  current  long  range  expansion 
programme  involves  substantial  dependence  on 
uranium. 

Mode  of  operation,  availability  of  technology, 
and  cost  and  availability  of  primary  fuels  are  only 
some  of  the  many  factors  influencing  capacity 
planning.  Others  include  relative  costs  of  building 
and  operating  facilities,  constraints  related  to 
health  and  safety,  environmental  effects,  siting  re- 
quirements and  socioeconomic  costs  and  benefits. 
These,  as  they  relate  to  nuclear  power,  will  be  dis- 
cussed in  detail  in  other  chapters  of  this  report. 

Load  Shape  and  Load  Control 

One  important  consideration  in  the  choice  of  fu- 
ture generation  is  the  load  shape  or  level  and  pat- 
tern of  demand  on  the  system.  Although  utility 
loads  are  affected  by  many  variables  —  industrial 
loads  vary  with  the  state  of  the  economy,  residen- 
tial loads  vary  with  the  temperature,  and  street 
lighting  loads  vary  with  the  season  —  the  aggregate 
load  fluctuates  with  a  reasonabK'  predictable  pat- 
tern on  a  daily  and  seasonal  basis. 

For  a  typical  utility  like  Ontario  Hydro,  elec- 
tric power  loads  on  a  weekday  increa.se  from  a  min- 
imum during  the  early  morning  hours  to  a  second- 
ary peak  between  1 1  :(K)  A.M.  and  noon  and  a  full 
daily  peak  between  4:30  and  6:(K)  P.M..  after 
which  they  decrease  slowly  during  the  early 
evening  hours  and  rapidly  in  the  late  evening  iFig- 
ure  3-2\  During  wcekentis  and  lioliiLus.  loatls  .ire 
usually  at  much  lower  levels.  Also  shown  in  Fisnire 


3-2  is  the  daily  load  duration  curve  which  is  ob- 
tained from  the  hourly  variation  of  the  loads.  .\ny 
point  on  the  load  duration  curve  indicates  the  num- 
ber of  hours  during  which  the  load  was  greater 
than  that  corresponding  to  the  point. 

At  an  operational  level,  generating  resources 
are  fitted  to  the  load  pattern.  In  order  to  meet  the 
daily  load  requirements,  a  so-called  "stacking" 
order  of  generating  units  is  employed.  .\t  the  bot- 
tom of  the  order,  generating  statioas  thermal  or 
hydraulic)  which  are  the  most  efficient  and  have 
the  lowest  fuelling  costs  are  placed  on  base  load 
service  and  operate  virtually  continuously.  During 
the  off-peak  nighttime  hours  these  base  load  units 
may  provide  electricity  in  excess  of  that  needed 
immediately  and  can  f)e  used  to  operate  any  energ\' 
storage  units  in  the  system.  As  the  load  builds  up 
during  the  day,  older,  less  efficient,  or  more  expen- 
sive to  fuel  thermal  units  are  brought  into  ser\  ice  to 
meet  intermediate  load  requirements.  During 
peak  demand  periods,  various  peaking  hydro,  ther- 
mal and  pumped  storage  units  are  l)rought  into  use. 
.\s  loads  diminish,  units  are  removed  from  ser\ice 
in  the  reverse  order  until  the  base  load  situation 
prevails.  Electric  load  al.so  varies  on  an  annual  ba- 
sis. Ontario  Hydro  is  a  winter  peaking  utility,  with 
niiiximum  demand  on  the  s\  stem  occurring  in  De- 
cember and  Januarv ,  and  much  low  er  demands  in 
the  .summer  months. 

The  extent  of  daih  and  annual  variation  is  indi- 
cated by  sNstem  "load  factors  .  \s  hich  tjive  the  a% - 
erage  load  as  a  percentage  of  the  peak  load.  The 
annual  load  factor  for  Ontario  Hydros  E;ist  System 
is  about  67  per  cent,  but  on  a  winter  work  day  it  is 
81  to  S7  per  cent.  Load  factor  can  chanije  naturally 
over  time  through  the  influence  of  changing  elec- 
trical end-u.ses  and  energy  con.ser\ation  measures. 
For  e.\ample,  electric  space  heating  could  worsen 
the  annual  load  factor,  but  air-conditioning  Itxid 
could  improve  it.  Some  conservation  measures 
which  can  produce  worthwhile  energ\  s;ivings, 
such  as  turning  oflf  office  lights  at  night,  .utuallv 
uorsen  a  utilitvs  loatl  factor  while  others  —  for 
example,  removing  e\er\  third  fluorescent  tiil>e  in 
office  light  fixtures  —  retluce  [>eak  demands  and 
may  improve  system  lo;id  factors! 
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Much  attention  is  now  being  given  to  improv- 
ing load  factors  through  "load  management"  pro- 
grammes. These  have  the  effect  of  reducing  the 
system  peak  load  and  consequently  the  need  for 
costly  generating  capacity.  Load  management  in- 
volves shifting  demand  from  peak  periods  to  the 
off-peak  or  "valley"  periods.  There  are  two  basic 
methods  by  which  load  management  may  be  ac- 
complished by  a  utility.  One  way  is  to  design  pric- 
ing incentives  into  the  rate  structure  which  will 
tend  to  mould  customer  behaviour  to  the  desired 
pattern.  These  incentives  can  and  should  be  based 
on  differential  supply  costs  of  electricity.  Lower 
rates  for  night-time  u.se,  as  proposed  by  Ontario 
Hydro  in  rate  structures  now  under  consideration 
by  the  Ontario  Energy  Board  (OEB),  could  provide 
the  necessary  financial  stimulus  to  persuade  indus- 
trial and  residential  users  to  move  some  power  re- 
quirements to  off-peak  periods  therebv  helping  to 
fill  the  night-time  valley  in  the  daily  load  curve. 

Without  attempting  to  predict  what  the  out- 
come of  the  OEB  review  may  be,  we  observe  that 
acceptance  of  time-differentiated  rates  —  both 
time-of-day  and  seasonal  —  is  in  the  ascendancv 
across  North  America.  Such  rates  are  generally 
thought  to  track  utility  costs  more  accurately  than 
existing  rates  and  hence  are  superior  on  economic 
efficiency  grounds.  But  not  enough  is  known,  cer- 
tainly in  Ontario,  about  customer  response  to  rate 
variations  to  permit  reliable  predictions  of  the 
amount  of  load  that  would  shift  from  peak  to  off- 
peak  periods,  or  of  the  savings  in  capital  and  fuel 
costs  that  may  result.  We  join  with  Ontario  Hydro 
Chairman  Robert  B.  Tavlor  who  said  in  a  recent 
speech  that  he  hoped  "to  see  emerge  [from  the 
OEB  hearings]  the  plans  for  a  new  rate  stnicture; 
one  that  will  give  more  u.seful  price  signals  to  all 
consumers  and  thus  encourage  the  efficient  use  of 
electricity". 

Another  method  of  load  management,  the  ef- 
fects of  which  are  more  certain  than  tho.se  from 
redesigning  rates,  is  the  control  or  switching  off  of 
certain  loads  during  peak  periods.  One  form  of  vol- 
untary load  management,  interruptible  power 
contracts,  offers  discounts  to  very  large  industrial 
customers  in  return  for  which  Ontario  Hvdro  is 
empowered  to  curtail  service  for  varying  periods 


of  time  for  economy  or  emergency  rea.sons.  Cur- 
rently such  contracts  permit  the  curtailment  of 
some  785  M  W,  about  half  of  which  is  estimated  to 
be  available  for  interruption  at  time  of  system 
peak. 

It  may  be  possible  to  achieve  much  more  exten- 
sive reductions  in  industrial  demand  by  controlling 
certain  types  of  loads.  There  is  no  reason,  for  exam- 
ple, why  appropriate  incentives  cannot  be  devised 
to  ensure  that  the  pulp  and  paper  mills  keep  pulp- 
wood  grinders,  driven  by  huge  motors,  off  the  day- 
time system  peak.  Certain  types  of  residential 
loads,  in  particular  water  and  space  heating  and 
cooling,  where  thermal  storage  can  be  readily  in- 
corporated, are  suitable  for  direct  curtailment  by 
the  utility.  Water  heater  control  is  the  chief 
method  of  residential  load  management  in  Ontario 
today,  with  about  150  MW  potentiallv  controlla- 
ble at  time  of  system  peak.  Eventually  there  could 
be  direct  control  of  other  appliances  as  there  is  in 
some  countries.  The  potential  savings  in  capacity 
(and  therefore  in  capital  cost  for  generation)  should 
be  weighed  against  the  costs  of  load  control 
apparatus. 

Ontario  Hydro  has  taken  the  position  that,  as 
long  as  peaking  hydraulic  capacity  is  available  on 
the  system  or  can  be  harnes.sed  at  moderate  cost,  it 
should  be  used  for  peaking  purposes  in  preference 
to  incurring  potentially  larger  costs  for  load  man- 
agement. It  is  argued  that  the  longer  term  problem 
is  to  find  ways  to  flatten  the  broad  eight-hour  and 
ultimately  the  sixteen-hour  daytime  plateaus  to 
reduce  re(juirements  for  fossil  generation  —  but 
these  are  difficult  areas  for  load  management.'  The 
right  combination  of  storage  systems  (now  at  the 
pilot  plant  or  demonstration  stage)  together  with 
load  management  could,  however,  reduce  capac- 
ity requirements. 

The  Select  Committee  of  the  Legislature  In- 
vestigating Ontario  Hydro,  in  1976,  recommended 
major  load  management  action  by  Ontario  Hydro 
to  effect  a  2500  MW  reduction  of  peak  load  by 
1985  (an  8  per  cent  reduction  in  relation  to  the  LRF 
48A  programme). '  The  Ontario  Ministry  of  Energy 
accepted  this  recommendation  only  in  modified 
form  in  the  belief  that  the  target  is  too  high.  Present 
Ontario  Hydro  estimates  of  load  management  po- 
tential, in  published  Hydro  documents,  are  much 
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lower  than  the  Select  Committee  target.  One  re- 
port puts  the  target  for  "managed  consumer  load" 
in  1985  at  500  MW  with  an  additional  900  MW 
possible  from  voltage  reductions  and  "public  ap- 
peals". However,  Ontario  Hydro  is  at  present  en- 
gaged in  major  studies  and  field  trials  of  load  man- 
agement potential;  we  understand  that  these  will 
probably  result  in  higher  targets  than  those  extant. 
We  share  with  this  Select  Committee  of  the  On- 
tario Legislature  the  belief  that  Ontario  Hydro 
should  pursue  a  vigorous  programme  in  both  the 
load  management  area  and  the  development  of 
pricing  incentives  to  encourage  a  shift  to  the 
greater  use  of  off-peak  power. 

Some  natural  variation  in  load,  particularly  on  a 
seasonal  basis,  is  claimed  to  be  beneficial.  For  ex- 
ample, Ontario  Hydro  takes  advantage  of  seasonal 
load  variations  by  scheduling  maintenance  in  the 
low  demand  siunmer  months,  thereby  maximizing 
the  capacity  available  at  time  of  winter  peak.  Sea- 
sonal load  variation  also  provides  opportunites  for 
exporting  power,  which  can  be  quite  profitable. 

Ontario  Hydro's  Sy.slem  E.xpansion 
Programme 

The  present  Ontario  Hydro  power  svstem  incorpo- 
rates a  well-balanced,  diverse  mix  of  generation. 
For  example,  in  1977,  nuclear  and  coal-fired  plants 
each  provided  about  one-(juarter  of  the  provinces 
electric  energy,  hydraulic  plants  supplied  one- 
third,  and  natural  gas  and  oil  generators  provided 
3.9  and  1.5  per  cent  respectively.  (The  remaining 
1.3  per  cent  was  purcha.sed  from  out-of-province 
utilities.)  Natural  gas  and  oil-fired  plants,  being 
expensive  to  fuel,  are  used  for  peaking  purposes 
only,  but  in  emergencies  they  can  be  used  at  higher 
capacity  factors  and  thus  provide  flexibility  to  the 
system. 

Under  the  currently  committed  programme 
(LRF  48A)  and  the  current  load  forecast,  best  esti- 
mates of  generation  utilization  indicate  that  fossil- 
fired  generation  will  drop  slightly  to  provide  .30 
per  cent  of  total  electric  energy  re(|uirements  in 
1983,  hydraulic  generation  and  purchased  power 
will  decline  to  27  and  3  per  cent  respectively,  and 
nuclear  generation  will  increase  dramatically  to  40 


per  cent.  When  the  last  unit  of  the  committed  pro- 
gramme comes  into  service  in  1987,  nuclear  gener- 
ation will  be  providing  over  60  per  cent  of  the 
provinces  electric  energy  re(|uirernents. 

The  future  programme,  beyond  that  now  au- 
thorized or  "committed",  is  based  on  CANDU  and 
coal-fired  stations;  the  nuclear  units  to  be  u.sed  pri- 
marily for  base  load,  and  possibly  for  intermediate 
load  later  in  their  operating  lives,  and  the  coal-fired 
units  for  intermediate  load  and  peaking. 

Although  nuclear  units  demonstrate  a  contin- 
ual "scaling-up",'' coal-fired  units,  because  of  tech- 
nical limitations,  are  stabilized  at  7.50  MW.  Fur- 
ther, adjustments  made  to  in-service  dates  indicate 
a  preference  on  the  part  of  the  utility  to  defer  or 
cancel  fossil  rather  than  nuclear  plants.  The  policy 
is  to  retain  the  nuiximum  nuclear  capacit\  consist- 
ent with  any  externally-imposed  constraint  (such 
as  capital  availability).  Ontario  Hydro  has  made 
nuclear  power  a  key  element  in  its  system  expan- 
sion programme,  on  the  basis  that  not  only  will  this 
strategy  increase  the  security  of  fuel  supplies  but  it 
will  also  minimize  long-term  total  unit  energy 
costs.  We  examine  this  latter  proposition  in  some 
detail  in  Chapter  7. 

During  the  past  few  years  the  emerging  impor- 
tance of  factors  which  had  previously  been  consid- 
ered somewhat  peripheral  to  the  utility  planning 
process  has  become  apparent.  An  example  is  the 
rapid  growth  in  the  unit  cost  of  generating  plant 
and  the  consequent  need  to  raise  unprecedented 
amounts  of  capital.  The  emphasis  on  capital-inten- 
sive nuclear  generation,  combined  with  rapid  cost 
escalation,  has  caused  Ontario  Hydro  s  proposed 
capital  expenditures  to  grow  to  rather  colo.ssal  lev- 
els. Indeed,  two  adjustments  to  the  sNstein  expan- 
sion programme  were  made  in  direct  response  to 
government  polic\  directions  to  reduce  borrow- 
ings''  or  capital  expenditures. 

There  has  also  been  great  uncertaint\-  associ- 
ated with  load  growth,  lead  times,  and  economic 
costs,  .\djustments  ha\e  been  traumatic.  Cancella- 
tion of  an\  committed  projects  is  seen  as  a  "last 
resort"  measure,  in  \iew  of  the  associated  cancella- 
tion charges  and  potential  la\  offs."  The  slower  rate 
of  direct  emplo\nient  creation  associated  with 
slower  rates  of  expansion  is  itself  emerging  ;is  a  kev 
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Figure  3.3  Ontario  Hydro  East  System  Capacity  Plan  and  Peak  Demand  Scenarios 
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aspect  of  the  debate  on  the  future  direction  of  the 
system  expansion  programme.'" 

As  capacity  forecasts  were  fjeing  adjusted 
downwards,  load  forecasts  were  also  following  a 
downward  trend.  However,  until  the  1978  load 
forecast,  these  adjustments  were  not  enough  to 
maintain  preferred  reserves  and  reliafjility  levels. 
The  possibility  of  brown-outs  and  black-outs  as  a 
result  of  inade(juate  generation  was  thus  raised 
with  the  announcement  of  each  new  LRF  between 
1975  (LRF  43A)  and  1977  (LRF  48A).  The  situation 
in  1977  was  considered  serious  enough  to  warrant  a 
major  emphasis  by  Ontario  Hydro  on  electricity 
conservation  programmes. 

The  1978  load  forecast  heralded  a  significant 
departure  from  the  usual  relationship  between 
load  and  capacity  forecasts.  The  very  substantial 
drop  in  forecasted  load  over  the  medium  term,  part 
of  which  was  attributed  by  Ontario  Hydro  to  the 
successor  its  conservation  initiatives,  will  no  doubt 
result  in  an  even  greater  deferral  of  capacity  than 
that  which  resulted  from  the  capital  limitations. 
Figure  3-3  demonstrates  graphically  that,  even  al- 
lowing for  a  25  to  30  per  cent  reserve  margin  over 
peak  load,  capacity  additions  called  for  in  the  cur- 
rent programme  will  exceed  re(juirements,  not 
only  of  the  highest  load  growth  scenario  consid- 
ered in  the  previous  chapter  (6  per  cent)  but  also  of 
Ontario  Hydros  own  1978  load  forecast.  As  indi- 
cated earlier,  capacity  conunitted  for  1985  under 
LRF  48A  is  some  3()()()  MW  in  excess  of  that  re- 
quired imder  the  1978  load  forecast  to  maintain 
preferred  levels  of  reliability.  This  surplus  was 
reduced  to  about  1900  MW  l)v  subse(juent  amen- 
dements  to  the  progranune.  Projected  reserve  mar- 
gins a.s,sociated  with  the  reduced  programme  re- 
main well  in  excess  of  those  reciuircd  to  meet  utility 
reliability  targets.  Based  on  the  current  capacity 
expansion  plan  (l.,RF  48A)  and  the  1978  load  fore- 
cast, the  East  System  reserve  margin  decreases 
from  48  |>ercent  in  1978  to  about  38  percent  b\  the 
mid  1980s,  alter  which  it  increases  steadiU  to  (i6 
per  cent  in  1995.  On  April  18,  1978,  the  Ontario 
Government  announced  its  intention  to  pursue 
markets  for  power  exports  in  order  to  utilize  the 
excess  capacity.  .\nd,  as  uK'ntioiicd  prc\  iousU',  ad- 
justments to  the  longer  term  expansion  plan  to  ac- 
commodate the  implications  of  a  slower  growth  in 


load  are  still  under  consideration  by  Ontario 
Hydro. 

The  Commi-ssion  is  aware  of  Ontario  Hydro's 
efforts  to  incorporate  new  factors  into  the  assess- 
ments of  system  alternatives;  system  expaasion 
scenarios.  An  exemplification  of  this  is  the  System 
Expansion  Programme  Reassessment  (SEPR), 
which  was  initiated  in  response  to  the  June  1976 
report  of  the  Select  Committee  of  the  Legislature 
recommending  a  significant  reduction  in  the  ex- 
pansion programme  and  ambitious  load  manage- 
ment targets.  The  purpose  of  the  SEPR  project  is  to 
evaluate  the  socioeconomic  costs  and  benefits  of 
alternative  system  expansion  programmes  and  to 
assess  the  costs  and  risks  of  either  an  excess  or  defi- 
ciency in  system  capability  to  meet  the  load.  .As 
originally  proposed,  three  load  forecast  scenarios, 
which  ranged  above,  at,  and  below  the  then  most 
probaf)le  forecast  were  identified;  however,  the 
1978  load  forecast  isapproximateh'  the  same  a.s  the 
"low"  scenario  of  the  original  SEPR  terms  of 
reference. 

We  have  several  reservations  about  the  project. 
First,  despite  its  scope  the  SEPR  model  does  not 
include  .some  of  the  key  feedback  loops  necessary' 
to  trace  the  interrelationships  between  key  s\stem 
planningvariables,  especially  the  influence  of  elec- 
tricity prices  on  load  growth  and  the  impact  of 
capital  borrowing  constraints  on  both  prices  and 
system  mix.  Secondly,  the  project  appears  to  be.  to 
date,  almost  entirely  "in-house"  at  Ontario  Hydro. 
We  believe  that  more  involvement  of  stafl?  of  gov- 
ernment ministries  in  .such  studies  would  be  desir- 
able. Thirdly,  the  early  emphasis  in  the  SEPR 
stucK  on  social  and  environmental  assessment  pro- 
cedures does  not  appear  to  ha%e  been  follovsed 
up."  Clearlw  social  and  en\  ironmental  impacts  are 
of  broad  public  interest  and  should  be  addressed  on 
an  ongoing  basis  in  the  a.ssessment  of  system  plans. 
Even  if  these  effects  are  to  a  large  extent  site  spe- 
cific and  not  readily  translated  into  a  total  system 
context,  we  belie%e  the  linkages  between  the  total 
system  plan  and  its  component  regional  p;irts  de- 
serve special  attention. 

.\\ailahilily  of  Sites  for  Nuclear  Power 
Stations 

The  problem  of  finding  sites  for  jxiwer  statiorts  is 
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closely  associated  with  the  system  planning 
process.  In  a  presentation  to  the  Commission,'" 
Ontario  Hydro  stated  that  several  existing  generat- 
ing plant  sites  have  sufficient  land  area  to  accom- 
modate further  generating  facilities  (beyond  those 
already  committed).  The  sites  and  their  maximum 
potential  additional  capacity  in  megawatts  are  as 
follows: 

Lennox -7,000 -10,000 
Darlington -8,000 
Wesleyville- 5,000 
Bmce- 3,000 
Chats  Falls -2,000 
Lambton- 1,500 

for  a  total  of  between  26,500  -  29,500  MW.  These 
estimates  of  potential  capacity  are  somewhat  theo- 
retical. The  added  capacity  at  the  larger  sites  is 
assumed  to  be  nuclear  (i.e.,  3400  to  5000  MW  per 
station).  Because  the  maximum  size  for  coal  sta- 
tions is  about  3,000  MW  per  station,  less  coal  ca- 
pacity can  be  added  at  a  given  site.  Air  pollution 
restrictions  would  place  an  absolute  limit  on  use  of 
some  sites  for  fo.ssil  generation.  Further,  if  it 
proved  necessary  at  any  site  to  resort  to  cooling 
towers,  the  potential  for  capacity  additions  would 
drop  about  50  per  cent,  because  of  the  additional 
land  area  required. 

Capacity  requirements  and  therefore  site  re- 
(juirements  are  directly  influenced  by  the  assumed 
load  forecast.  The  LRF  48A  programme,  which  is 
based  on  the  1977  forecast  of  6.2  per  cent  annual 
growth,  implies  the  addition  by  the  end  of  the  cen- 
tury of  some  twelve  (4  unit)  generating  stations  af- 
ter Darlington  is  in  service  in  1988.  We  understand 
that  it  is  Ontario  Hydro's  view  that,  to  provide  for 
the  capacity  additions  required  under  the  1978 
load  forecast,  some  4  to  5  new  sites  will  need  to  be 
acquired  in  the  1980s.  Without  being  specific 
about  unit  size  or  type  of  generation,  assuming  a  4 
per  cent  growth  rate,  only  5  or  6  new  stations 
would  be  recjuired  to  2000  after  the  Darlington 
station  is  in  service.  However,  for  reasons  listed 
earlier,  Ontario  Hydro  has  discouraged  specula- 
tion that  all  these  could  be  located  on  lands  already 
owned.  Clearly,  the  process  of  acquiring  sites  for 
stations  to  be  commissioned  in  the  early  years  of 
the  next  century  must  continue  through  the  1990s. 
Representatives  of  public   participation  groups 


involved  in  Ontario  Hydro-sponsored  meetings  to 
select  generating  sites,  informed  the  Commission 
that  the  utility's  position  is  that  the  reduction  in  the 
load  forecast  will  make  no  difference  to  the  timeta- 
ble for  site  selection:  sites  will  continue  to  be  ac- 
quired as  per  the  earlier  schedule,  and  if  not  imme- 
diately required  they  will  be  "banked  ".  We  will  be 
addressing  the  concept  of  land  banking  in  our  final 
report. 

A  Note  on  Net  Energy  Analysis 

Several  critics  of  nuclear  power  alleged  at  our 
hearings  that  nuclear  power  compared  unfavour- 
ably with  alternative  energy  technologies  in  terms 
of  its  net  energy  efficiency.  Net  energy  analysis  is  a 
relatively  new  technique.  Its  purpose  is  to  deter- 
mine the  amount  of  energy  involved  in  providing 
for  the  delivery  of  a  unit  of  energy  to  final  consum- 
ers. Using  static  analysis,  the  total  energy  (a  very 
complex  quantity)  required  to  constnict  a  single 
energy  generating  facility  and  the  total  annual  en- 
ergy input  are  compared  with  the  gross  annual 
energy  output  to  determine  the  "payback  time  ", 
or  number  of  years  of  operation  required  to  pro- 
duce an  amount  of  energy  equivalent  to  that  re- 
quired to  build  the  facility  in  the  first  place.  In 
contrast,  a  dynamic  analysis  deals  with  a  multi-pro- 
ject programme,  growing  with  time.  A  "net  energy 
ratio  "  is  calculated  which  represents  the  ratio  of 
net  energy  output  to  the  total  energy  being  pro- 
duced during  a  given  time  period.'^  This  type  of 
analysis  is  particularly  important  for  facilities  in 
which  capital  inputs  are  large  relative  to  operating 
inputs. 

In  1977,  three  federal  departments  undertook  a 
net  energy  analysis  of  a  two-vmit  CANDU  station 
(units  similar  to  Pickering  A).  It  was  found  that, 
based  on  an  80  per  cent  capacity  factor,  the  pay- 
back time  would  be  between  1.2  and  2.1  years."  An 
Ontario  Hydro  study,  using  a  different  methodol- 
ogy, showed  that  the  payback  time  would  be 
between  0.85  and  1.1  years.''  For  a  conventional 
coal-fired  station,  the  federal  group  computed  the 
payback  time  to  be  0.31  years  at  a  60  per  cent  ca- 
pacitv  factor.  In  the  same  study,  the  payback  times 
for  the  Mackenzie  Valley  gas  pipeline  and  the  Syn- 
cnide  Tar  Sands  oil  extraction  project  were  esti- 
mated to  be  0.51  years  and  0.43  years  respectively. 
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The  federal  study  also  included  a  dynamic  net 
energy  analysis  of  an  expanding  CANDU  nuclear 
programme  which  showed  that  at  constant  annual 
system  growth  rates,  the  net  energy  ratio  decreases 
with  an  increase  in  growth  rate,  for  example,  from 
a  respectable  0.87  under  a  5  per  cent  annual 
growth  rate  to  0.53  with  a  15  per  cent  annual 
growth  rate.  At  growth  rates  of  nuclear  capacity  of 
25  to  30  per  cent  per  year  (l)eyond  that  credible  lor 
Ontario  Hydro,  but  quite  possible  for  a  utility  just 
commencing  a  nuclear  programme),  the  ratio 
becomes  negatiye,  that  is  the  programme  con- 
sumes more  energy  than  it  produces.  The  study 
al.so  showed  that  with  a  constant  annual  growth 
rate  there  is  a  limit  to  the  net  energy  output  that 
can  be  obtained  in  any  future  year.  The  net  output, 
in  a  given  future  year,  increases  initially  as  the 
growth  rate  assumed  is  increased,  reaches  a  max- 
imum and  then  decreases  with  higher  growth 
rates.  Thus  a  higher  growth  rate  of  electrical  ca- 
pacity does  not  necessarily  result  in  a  higher  net 
energy  output  in  a  future  year.  The  net  energy  ra- 
tio is  also  affected  by  lead  times;  in  general  it  de- 


creases with  an  increase  in  the  construction  lead 
timesof  asingle  facility. 

Although  net  energy  analysis  is  an  interesting 
illustration  of  the  energy  implications  of  alterna- 
tive technologies,  we  are  aware  of  both  methodo- 
logical problems  and  limitations  associated  w  ith  its 
use  in  energy  policy  making.  It  is  difficult,  for  ex- 
ample, to  translate  accurately  all  tvpes  of  inputs 
and  outputs  (labour,  material,  dollars,  electricity) 
into  a  common  unit  of  energy.  Indeed,  there  is  dis- 
agreement among  analysts  even  about  the  legiti- 
macy of  translat  ing  one  form  of  energy  into  another 
at  equal  value.  Is  a  joule  obtained  from  uraniimi 
e(juivalent  to  a  joule  obtained  from  natural  gas? 
Such  questions  are  important  because  the  "value" 
of  a  unit  of  energy  depends  as  much  on  its  end-uses 
as  on  its  inherent  energ\  content.  Perhaps,  fiuida- 
mentallv,  energy  efficiency  need  not  necessarily 
reflect  economic  efficiency;  in  other  words  net  en- 
ergy savings  may  be  achieved  at  such  a  cost  in  other 
scarce  resources  that  the  energy-efficient  solution 
may  turn  out  to  be  the  most  expensive  overall. 
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Figure  4.1  Nuclear  Facilities  in  Ontario  and  Canada 


Nuclear  Power  Demonstration  (NPD) 
AECL)  Rolphton 
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Chapter  Four 

The  CANDU 
Fuel  Cycle 


A, 


-N  assessment  of  the 
implications  of  nuclear  technology  for  Ontario 
necessitates  a  discussion  of  the  total  fuel  cycle  as 
well  as  its  role  in  the  total  energy  needs  of  the  prov- 
ince. All  stages  of  the  CANDU  (for  CANadian 
Deuterium  Uranium)  fuel  cycle  are,  in  fact,  carried 
out  in  Ontario  (see  Figure  4-1).  The  .so-called 
"front-end"  of  the  cycle  includes  the  mining,  mill- 
ing and  refining  of  uraniiuu;  production  of  heavy 
water;  and  the  generation  of  electricity;  while  the 
"back-end"  of  the  cycle  involves  the  management 
of  radioactive  wastes.  In  this  chapter,  which  begins 
with  the  historical  background,  we  introduce, 
briefly,  the  technological  aspects  of  each  stage  of 
the  CANDU  fuel  cycle. 

The  Development  of  Nuclear  Power  in 
Canada 

Although  Canada's  initial  involvement  with  nu- 
clear power  is  iisualK  thought  ol  in  terms  of  lier 
participation  with  Great  Britain  and  the  United 
States  in  the  Manhattan  Project  (the  wartime  un- 
dertaking to  develop  an  atomic  bomb\  it  is  inter- 
esting to  note  that,  during  the  period  1898-1907. 


Professors  Rutherford  and  Eve,  at  McCill  Univer- 
sity in  Montreal,  carried  out  some  of  the  basic  ex- 
periments in  nuclear  physics  which  laid  the  foun- 
dations of  nuclear  power. ' 

Furthermore,  it  was  the  inspired  foresight  of 
Dr.  C.J.  MacKenzie,  then  .\cting  President  of  the 
National  Research  Council,  strongly  supported  by 
General  A.G.L.  McNaughton,  which  led  to  the  es- 
tablishment of  Canada's  first  "fission-age"  nuclear 
laboratories  in  Montreal  in  1943,  a  secret  wartime 
facility.  The  first  Director  of  the  Atomic  Energy 
Division  of  the  National  Research  Council  was  the 
distinguished  British  phvsicist.  and  subsequent 
Nobel  laureate.  Sir  John  Cockcroft.  He  headed  a 
team  of  Canadian.  British  and  European  scientists 
and  engineers  during  the  formative  period.  1944  to 
1946,  of  modern  nuclear  science  and  technolog\-. 
The  .Vtomic  Energy  Division  subse(juentl\  moved 
to  Chalk  River,  Ontario,  where  the  nou  interna- 
tionally renowned  nuclear  laboratories  were 
established." 

The  early  research  programmes  at  Chalk  River 
emphasized  heavv  water  as  a  reactor  moderator. 
The  results  were  subse(juentl\  applied  to  the  de- 
sign of  heavv-water  moderated  reactors  and  to  the 
chemical  separation  of  plutonium.  A  ver\-  signifi- 
cant contribution  was  the  zero  energy  e.xperimen- 
tal  pile  (ZEEP)  which  achieved  criticality  on  Sep- 
tember 5,  1945.  It  was  the  first  nuclear  reactor  to 
operate  outside  the  United  States.  This  success,  in 
turn,  led  to  the  decision  to  design  and  build  the 
heavv  water  moderated  research  reactor  NR.X* 
that  achieved  crit icalit v  on  Julv  22,  1947. 

Canada  has  never  given  serious  coasideration 
to  the  des  elopment  of  nuclear  weapons.  However, 
at  the  end  of  the  war,  this  countrv  was  \  ie\^ed  ;ls 
one  of  the  three  "atomic  powers  ",  and  Prime  Min- 
ister King  was  invited  to  attend  the  .\tomic  Confer- 
ence held  in  Washington  in  1945.  together  with 
President  Tnunan  and  Prime  Minister  Attlee.  The 
Conference  was  intended  to  bring  the  three  go\- 
ernments  together  to  agree  on  the  cx>-<iperati\e 
peacetime  de\eiopment  of  atomic  energ\.  Their 
discussions  ietl  to  the  estaliiishment.  in  Dei-eml^er 
1945,  of  the  United  Nations  .\tomic  Energy-  Com- 
mission. Its  purpose  w  as  to  facilit.ite  the  exchange 
of  atomic  information  for  jieaceful  piirpxises.  to 
brinsi  about   the  elimination  of  national  atomic 
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weapons,  and  to  establish  effective  international 
safeguards  and  inspection  procedures.  All  member 
nations  of  the  Commission  were  also  members  of 
the  Security  Council  of  the  United  Nations,  with 
the  sole  exception  of  Canada.  In  keeping  with  Can- 
ada's decision  to  restrict  her  postwar  efforts  to  the 
peaceful  uses  of  nuclear  energy,  the  Atomic  En- 
ergy Control  Board  (AECB)  was  established  in 
1946.  The  Board  was  responsible  for  the  control  of 
all  "prescribed"  materials  (fissionable  and  radioac- 
tive isotopes),  as  well  as  the  monitoring  of  the 
atomic  research  and  development  being  carried 
out  by  the  National  Research  Council  (NRC). 

The  NRU,  a  heavy  water  moderated  reactor, 
was  commissioned  in  1958.  A  more  complex  re- 
search reactor  than  ZEEP  and  NRX,  it  laid  the 
technological  foimdations  for  the  CANDU  family 
of  power  reactors.  (Dr.  W.B.  Lewis,  Director  of 
Research  of  the  Chalk  River  Laboratories,  is  the 
unchallenged  "fatherof  CANDU  ":  it  was  his  imag- 
ination, initiative  and  courage  that  launched  and 
sustained  the  programme  from  the  early  days.) 
Shortly  thereafter,  discussions  were  initiated  by 
federal  government  agencies  and  The  Hvdro-Elec- 
tric  Power  Commission  of  Ontario  (the  forenmner 
of  Ontario  Hydro)  which  led  to  a  feasibility  study 
for  a  nuclear  electric  power  station. 

In  1952,  responsibility  for  the  Chalk  River  pro- 
ject was  transferred  from  the  National  Research 
Council  to  the  newly  established  Atomic  Energy  of 
Canada  Limited  (AECL),  a  Crown  Corporation. 
Two  years  later,  a  nuclear  power  division  was  es- 
tablished at  Chalk  River;  it  was  headed  by  Harold 
Smith  (now  a  vice-president  of  Ontario  Hydro), 
and  included  members  from  other  Canadian  utili- 
ties and  from  industry.  The  objective  was  to  de- 
velop the  design  concepts  for  a  prototype  20  MW 
Nuclear  Power  Demonstration  (NPD),  Pressur- 
ized Heavy  Water  (PHW)  reactor.  Proposals  for 
the  design  and  constniction  were  requested  from 
seven  Canadian  manufacturers,  and  Canadian 
General  Electric  was  chosen  as  the  contractor. 

It  was,  however,  an  AECL  statement  in  1958 
proposing  a  Canadian  nuclear  power  development 
programme  which  .set  the  course  for  this  country's 
"nuclear  future".  Its  primary  objectives  were  to 
reduce  dependence  on  foreign  fuels  by  utilizing 
indigenous  Canadian  uranium  and  to  provide  a 


new  and  expanding  opportunity  for  Canadian  min- 
ing and  manufacturing  industries.  In  particular, 
the  design  of  the  reactor  core  was  such  that  Cana- 
dian manufacturers  were  able  to  supply  most  of  the 
components.  Furthermore,  a  commitment  to  vol- 
untary participation  by  Canadian  industries  with 
electric  utilities  was  also  made.  This  co-operative 
programme  called  for  AECL  to  take  the  lead  in 
advancing  the  national  development  of  nuclear 
power  until  the  private  sector  industries,  and  the 
utilities,  could  evolve  independent  capabilities  in 
the  field. 

During  the  period  when  the  nuclear  industry 
and  Ontario  Hydro  were  designing  and  constnict- 
ing  the  first  large-scale  CANDU-PHW  power  re- 
actors —  Douglas  Point  (200  MW)  and  Pickering  A 
(four  500  MW  units)  —  AECL  was  developing  two 
innovative  CANDU  concepts;  the  boiling  light 
water  cooled  reactor  (BLW)  at  Gentilly,  Quebec 
and  an  organic-cooled  reactor  (OCR)  at  the 
Whiteshell  Laboratories,  Manitoba.  Neither  of 
these  designs  has  been  pursued  beyond  the  proto- 
type stage,  essentially  because  of  a  lack  of  research 
funding  and  not  least  because  of  the  outstanding 
success  of  the  PHW  concept  as  exemplified  in 
Pickering  A  and  more  recently  in  Bruce  A. 

All  Ontario's  existing  and  committed  nuclear 
generating  stations  incorporate  CANDU-PHW 
reactors  (see  Figure  4-1).  For  example,  Pickering  A 
and  B  incorporate  four  500  MW  units  each,  and 
Bnice  A  and  B  will  each  have  four  750  MW  units. 
Construction  of  the  Darlington  station  has  also 
begim;  it  will  have  four  850  MW  units  and  the 
station  is  expected  to  come  into  full  service  about 
1988.  In  addition  to  these  Ontario  stations,  Can- 
ada's power  programme  to  date  includes:  Gentilly 
1,  the  prototype  CANDU-BLW  250  MW  reactor; 
Gentilly  2,  a  600  MW  CANDU-PHW  reactor;  and 
Point  Lepreau,  New  Bnmswick,  another  600  MW 
CANDU-PHW  reactor  which  is  due  to  come  on 
line  in  1980.  Gentilly  3,  a  600  M W  CANDU-PHW, 
has  been  committed  by  Hydro-Quebec,  but  has  not 
yet  been  scheduled. 

The  Canadian  nuclear  industry  has  developed 
slowly,  albeit  very  effectively,  largely  because  of 
the  comparatively  small  domestic  market.  Govern-  i 
inent  policy  has  been  based  on  close  co-operation  | 
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between  AECL,  the  electric  utilities  (notably  On- 
tario Hydro),  and  the  private  sector.  The  manufac- 
turing and  design  capal)ilities  of  the  latter  have 
developed  remarkably  during  recent  years.  In  con- 
trast, in  Britain  and  the  United  States,  all  compo- 
nents of  the  nuclear  design  process  were  turned 
over  to  the  private  .sector  at  an  early  stage;  this 
approach  has  had  mixed  results. 

AECL  provides  support,  information  and  data 
to  Canadian  utilities  and  manufacturers  in  the  nu- 
clear .sector,  and  holds  seminars  and  symposia  to 
facilitate  communication.  To  carry  out  these  re- 
sponsibilities, research  and  development  establish- 
ments are  maintained  at  Chalk  River,  \\  hiteshell, 
and  Sheridan  Park  near  Toronto.  The  agency  pro- 
vides engineering  services  and  monitors  all  nuclear 
facilities  in  the  country.  AECL  is  also  responsible 
for  the  production  of  heavy  water  outside  of  On- 
tario and  for  the  production  of  radiation  material 
and  equipment  used  in  medicine  and  industry.  Of 
the  important  medical  advances,  especially  in  the 
treatment  of  cancer,  particular  mention  should  be 
made  of  the  Cobalt-60  Therapy  Unit  —  these  ad- 
vances are  essentially  spin-offs  from  Canada's  nu- 
clear research. 

Research  contracts  are  placed  with  universi- 
ties, provincial  research  councils  and  industries  to 
support  in-house  activities.  In  addition,  personnel 
are  fretjuently  .seconded  to  AECL  by  utilities  and 
industries  for  periods  of  up  to  two  years  for  re- 
search and  design  experience,  and  in-depth  train- 
ing. Some  of  the  research  and  development  work 
carried  out  at  Chalk  River  and  VVhiteshell  is,  in 
fact,  partly  funded  by  Ontario  Hydro.  Noteworthv 
too  is  the  fact  that  ,\ECL  iscnrrcntlv  increasing  its 
budget  and  staff  to  deal  with  the  problem  of  spent 
fuel  management,  particularly  research  to  deter- 
mine safe  methods  of  radioactive  waste  disposal. 
Research  programmes,  such  as  the  latter,  are  un- 
dertaken in  clo.se  co-operation  with  other  "mi- 
clear"  countries. 

The  relationship  l)elwecn  .\ECL,  Ontario 
Hydro,  and  the  private  sector  continues  to  lie  close 
and  co-operative.'  It  is  unicpie  in  the  world.  Mem- 
bers from  these  three  constituencies  form  an  im- 
portant part  of  the  Canadian  Nuclear  A.ssociation 


(CNA),  an  organization  founded  in  1960  that  "co- 
ordinates and  represents  the  interests  of  govern- 
ments, utilities,  consulting  firms,  producers  of  es- 
sential materials,  and  manufacturing  firms  who  are 
or  expect  to  be  engaged  in  some  phase  of  develop- 
ment and /or  utilization  of  nuclear  energv". 

Although  AECL  has  the  responsibiiitv  for  ex- 
port sales  of  CANDU  reactors,  and  retains  control 
of  projects  abroad,  private  industry  is  involved  in 
the  constRiction  and  engineering  management  of 
these  projects.  Within  Canada,  AECL  undertakes 
the  f)asic  reactor  design.  However,  Ontario  Ihdro 
has  over  the  years  developed  an  extensiv  e  in-house 
design  capability  in  many  aspects  of  the  C.\NDU 
.system.  And  only  Ontario  Hydro  has  experience  in 
commissioning  reactors.  Indeed  the  utility  has 
been  called  upon  to  commission  all  C.VNDU  reac- 
tors for  both  domestic  and  foreign  service  as  well  as 
to  train  all  nuclear  operators. 

The  design  and  construction  of  the  Darlington 
nuclear  generating  station  provides  an  excellent 
example  of  co-operation  between  the  major  "nu- 
clear partners ".  .\ECL  is  responsible  for  the  design 
of  the  reactor  cores  and  fuel  handling  svstems;  On- 
tario Hvdro  is  responsible  for  the  overall  plant  de- 
sign, and  for  the  conventional  systems;  and  private 
industry  designs  and  supplies  the  components, 
some  of  which  are  highh  complex  and  specialized. 

The  Front-End  of  the  Nuclear  Fuel  Cycle 

The  so-called  "front-end  "  of  the  C.WDU  fuel  cv- 
cle,  shown  schematicallv  in  Plate  1.  Colour  Sec- 
tion, involves  the  mining  and  milling  of  uranium, 
the  fabrication  of  nuclear  fuel  and  the  production 
of  hea%\  water.  Uranium  was  first  discovered  in 
Ontario  in  195.3,  in  the  Elliot  I^ike  area.  Soon  after, 
a  number  of  countries,  and  particularK  the  United 
States,  contracted  for  large  (juantities  of  uranium 
forthedevelopment  of  atomic  weapons.  The  result 
was  a  major  development  programme  at  Elliot 
Liike;  twelve  mines  and  eleven  mills  were  brought 
into  production  between  195,5  and  195S.  with 
seven  different  companies  owning  and  operating 
mining  and  milling  facilities.  However,  the  for- 
tunes of  the  Elliot  luike  area  w ere  reversed  when 
the  United  Slates  announced  it  would  no  longer 
purchase  luanium  from  abroail  but  would  support 
domestic     producers.     Contracts     l>etween     the 
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United  States  Atomic  Energy  Commission  and  El- 
liot Lake  producers  were  terminated  in  1962,  and 
most  of  the  mines  and  mills  were  closed  down, 
with  the  exception  of  the  Denison  and  Nordic 
mines.  The  population  of  the  town  of  Elliot  Lake 
dropped  from  25,000  in  1959  to  about  7,000  in  the 
early  1960s. 

During  the  period  when  market  conditions  for 
uranium  were  depressed  in  the  1960s  and  early 
1970s,  the  federal  government  established  a  joint 
federal  government-Denison  Mines  stockpile. 
Over  6,000  tonnes  of  uranium  remain  in  the  stock- 
pile and  this  is  available  on  loan  to  Canadian  utili- 
ties when  necessary.  In  1971  a  federal  Crown  Cor- 
poration, Uranium  Canada  Limited  (UCAN),  was 
created  to  manage  the  stockpile. 

Since  the  1973  OPEC  oil  crisis,  interest  in  long- 
term  uranium  contracts,  as  utilities  seek  to  secure 
fuel  supplies  for  their  nuclear  power  reactors,  has 
stimulated  a  new  boom  in  the  industry.  For  exam- 
ple, Ontario  Hydro  has  recently  signed  contracts 
for  the  1978-2020  period  with  Elliot  Lake  produc- 
ers for  up  to  76,000  tonnes  of  uranium.  Export  con- 
tracts have  also  been  signed  with  American,  Brit- 
ish, Japanese  and  Spanish  agencies  for  deliveries  to 
1993.  As  a  result,  several  mines  are  being  reacti- 
vated and  others  are  expanding  production.  The 
Denison  property,  Rio  Algom's  Quirke  and  Panel 
mines,  and  Preston's  Stanleigh  mines  are  all  operat- 
ing or  actively  preparing  for  production.  Total 
Ontario  mining  and  milling  capacity  may  reach  a 
maximiun  potential  of  approximately  6,000  tonnes 
per  annum  by  1985. 

The  Elliot  Lake  deposits  are  extensive  but  the 
concentration  of  uranium  oxide  (UjO,),  the  raw 
material  required  for  nuclear  fuel  fabrication,  is 
relatively  low.  The  average  concentration  over  the 
entire  lifetime  of  the  mining  operations  is  expected 
to  be  about  0.5  kg  per  tonne.'  In  other  words,  each 
tonne  of  ore  mined,  rai.sed  to  the  surface,  crushed 
and  milled  results  in  0.5  kg  UjOg  and  one  tonne  of 
waste  "tailings '. 

Approximately  80  million  tonnes  of  the.se  tail- 
ings, mostly  from  activities  in  the  1950s  and  early 
1960s  to  produce  uranium  for  use  in  the  United 
States  and  the  United  Kingdom  weapons  pro- 
grammes, lie  on  the  surface  and  in  the  lakes  of  the 


area  surrounding  the  mills  (see  Plate  2,  Colour  Sec- 
tion). To  neutralize  the  tailings,  which  contain 
large  quantities  of  radioactive  radium,  lime  is 
added  to  the  water  in  a  neutralization  tank  and  the 
resulting  solution  is  di.scharged  to  the  tailings  pond 
where  the  heavy  components  of  the  effluent  settle. 
The  clarified  water  is  then  treated  with  barium 
chloride,  which  renders  the  radium-226  insoluble 
so  that  it  precipitates  out  of  the  solution  and  slowly 
settles  to  the  bottom  of  the  pond. 

Surveillance  of  waste  disposal  operations  in  the 
Serpent  River  Basin  near  Elliot  Lake  by  the  On- 
tario Ministry  of  the  Environment  and  its  prede- 
cessor goes  back  to  1957.  At  that  time  the  only 
stipulations  for  managing  this  residue  were  that 
embankments  should  be  constructed  to  contain  the 
ponds  which  hold  the  tailings  and  that  liquid  ef- 
fluents should  be  neutralized.  The  potential  ad- 
verse effects  of  uranium  mining  and  milling  on 
health  and  the  environment  are  considered  in  some 
detail  in  Chapter  6. 

The  extraction  of  the  uranium  oxide  begins 
with  the  cnishing  and  grinding  of  the  ore. 
Sulphuric  acid,  steam  and  air  are  added  to  enhance 
leaching,  followed  by  a  separation  stage  where  the 
waste  residue  is  discharged  to  a  tailings  neutral- 
ization tank.  The  product  stream  goes  through  an 
ion-exchanger  that  removes  the  heavy  elements. 
Nitric  acid  selectively  removes  the  uranium  from 
the  ion-exchanger,  and  ammonia  precipitates  the 
uranium  from  the  solution.  The  U  ,Os  (yellowcake) 
precipitate  is  collected,  dried  and  packaged  in 
drums  for  shipment  to  a  refinery. 

The  Port  Hope  uranium  refinery,  currently  the 
only  facility  of  its  kind  in  Canada,  is  operated  by 
Eldorado  Nuclear  Limited,  a  federal  Crown  Cor- 
poration. It  is  equipped  to  produce  natural  ura- 
nium dioxide  (UO,)  for  use  in  CANDU  reactors  and 
uranium  hexafluoride  (UFj,  which  is  exported  and 
used  in  the  uranium  enrichment  process.  Slightly 
enriched  uranium  (2  to  3  per  cent)  is  u.sed  in  light 
water  reactors.  The  Eldorado  facilities  currently 
process  about  6,000  tonnes  of  ore  concentrate  an- 
nually, more  than  two-thirds  of  which  is  mined  in 
the  Elliot  Lake  area. 

The  first  few  steps  in  the  refining  process  are 
common  to  both  uranium  dioxide  and  uranium 
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hexafluoride  production  streams.  After  the  incom- 
ing yellowcake  is  sampled  and  analysed,  it  is  "di- 
gested" in  a  mixture  of  nitric  acid.  Treatment  with 
an  organic  solvent  (trii)utyl  phosphate  in  kerosene) 
separates  out  a  pure  uranium  compound,  uranyl 
nitrate.  Uranyl  nitrate  is  the  feedstock  for  the  pro- 
duction of  both  uranium  dioxide  and  uranium  hex- 
afluoride. The  waste,  or  "raffinate"  stream,  con- 
tains the  residual  radium  and  other  impurities 
removed  from  the  uranium  compound. 

To  produce  the  uranium  dioxide  needed  for 
CANDU  fuel,  ammonium  hydroxide  is  added  to 
the  pure  uranyl  nitrate  solution.  The  resulting 
slurry  of  ammonium-uranium  compound  is  "de- 
watered"  and  then  fed  through  a  drier.  Meat  trans- 
forms the  compound  to  uranium  trioxide  (UO,), 
which  is  reduced  to  uranium  dioxide  (UO_,)  by  the 
addition  of  hydrogen.  Before  shipping,  the  ura- 
nium dioxide  is  pulverized  and  l)lended  in  lots  of 
up  to  2(H)()  kg.  It  is  then  shipped  to  one  of  the  two 
commercial  fuel  fabricators  in  Ontario  —  Canadian 
General  Electric  in  Toronto  and  Peterborough  or 
the  Westinghouse  plants  in  Port  Hope  and 
Hamilton. 

CANDU  nuclear  power  systems  are  fuelled 
with  ceramic  grade  natural  uraniiun  dioxide  con- 
taining 0.7  per  cent  of  the  fissionable  uranium-235 
isotope.  Since  this  concentration  of  uraniiun-235  is 
the  same  as  that  found  in  nature,  it  is  known  as 
"natural"  uranium  dioxide  and  can  be  burnt  in  a 
CANDU  reactor  without  further  concentration 
("enrichment").  The  fabrication  of  fuel  for 
CANDU  involves  pressing,  sintering,  and  grinding 
uranium  dioxide  powder  into  very  dense  pellets 
and  sul)se(|ucntly  sealing  these  in  zirconium  allov 
tubing  (see  Plate  2.  Colour  Section).  At  this  stage 
the  fuel  bundles  can  be  handled  without  an\  risk  to 
health. 

The  production  ol  uranium  he.xafluoride  for 
export  is  a  .somewhat  more  complex  process.  First, 
the  uranyl  nitrate  is  fed  to  electrical  heaters  that 
decompose  it  to  uranium  trioxide.  Tlic  nitric  acid  is 
then  recovered  and  reused.  Tlic  uranium  Irioxitle  is 
treated  with  steam  ami  hydrogen  to  produce  ura- 
niiun dioxide,  wliiih  is  then  further  treated  \\  ith 
hytlrolluoricacidlo  |iro\ide  uranium  tetralluoritle. 
Pulverized  uranium  telraduoride  is  bvuned  in  flu- 
orine gas  to  make  the  final  conversion  to  uraniiun 


hexafluoride.  The  gaseous  hexafluoride  stream  is 
filtered  and  forced  through  a  cold  trap  where  the 
uraniiun  hexafluoride  is  condensed.  It  is  piped  into 
shipping  containers  in  this  li(juid  form  and  solidi- 
fies as  it  returns  to  room  temperature.  The  cylin- 
ders are  then  shipped  to  foreign  enrichment  plants 
for  u.se  in  light  water  reactors  (LW'Rs). 

Heavy  Water 

CANDU  reactors  use  heavy  water  as  both  modera- 
tor and  coolant.  Chemically,  heavy  water  iD,0)  is 
identical  to  ordinarv  <  light  *  water.  .\  D,0  molecule 
is  made  up  of  two  deuterium  atoms  and  one  oxygen 
atom.  Deuterium  is  an  isotope  of  hydrogen.  The 
nucleus  of  an  atom  of  deuterium  consists  of  one 
proton  and  one  neutron  and  has  tw  ice  the  mass  of 
the  nucleus  of  hydrogen.  Hence  the  term  "heavy 
water"  (see  Figure 4-2).  Similarlv,  tritium,  an  e\en 
"heavier"  isotope  of  hvdroyen,  has  a  nucleus  con- 
sisting of  one  proton  and  two  neutrons.  Ordinarv 
water  contains  one  part  deuterium  for  7(XX)  parts 
hydrogen,  or  0.014  per  cent.  This  very  small  con- 
centration nuist  be  increased  to  99. S  per  cent  b\ 
mass  for  use  in  theC.\NDl'  reactor. 

Heavy  water  is  produced  from  ordinarv  water 
in  a  two-stage  chemical  process.  In  the  first  stage  a 
20  per  cent  concentration  level  is  achie\ed  using 
the  (iirdler-Siilphide  lechni(iue.  This  process  ex- 
ploits the  fact  that  hydrogen  sulphide  gas  can  be 
enriched  with  deuterium  at  high  temperatures, 
and  at  low  temperatures  the  deuterium  migrates  to 
the  water  feed.  The  uater  is  continuousK  passed 
through  a  series  of  hot  and  cold  towers  until  a  20 
per  cent  concentration  is  reached.  It  is  further  en- 
riched to  99.S  per  cent  hea\ \  w.iter  In  fractional 
distillation.  Table  4-1  shows  Canada's  present  antl 
potential  heavv  water  production  capacity.  The 
siippb  position  .is  it  relates  to  Ontario  Ihilro  is 
dealt  u  ith  in  Chapter  7. 

The  Nuclear  Generation  of  EleclricitN 

.\  niK-lear  general  iuii  St. it  ion  h.is  t\Mi  m.ijorcomjxi- 
nenls  as  shown  in  Figure  i-'r.  the  "nude.ir  furnace" 
iiul  sle.im  raising  plant,  .uul  conxention.il  eijuip- 
menl  in  which  high  pressure  and  lemfx^rature 
steam  is  converleil  into  eltvtric  jviwer.  .Vs  shown 
schematicallv  in  Figure  4-4.  the  pressurized  heavy 
xs.ilenool.int  w  hicli  ninoNes  heat  from  thec-oreof 
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Figure  4.2  Nucleus  of  an  Atom  of  Deuterium 


Electron  - 


SOURCE  Atomic  Encrg\'  of  Canada  Limited. 
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Table  4.1  Heavy  Water  Production  Capacity 


Plant 

Owner/ Operator 

Aruiual  Production 

Capacity  at  100%  • 

(tonnes) 

Operating 

Bruce  A 

Port  Hawkesbury 

Glace  Bay 

Under  Construction 

Bruce  B 
Bruce  D 
La  Prade 

Ontario  Hydro 
AECL 
AECL 

Ontario  Hydro 
Ontario  Hydro 

aecl' 

880 
423 

477 

880 
880 
827 

'  Estimated  long-term  capacity:            l)cpciidai)lc    63% 

Probable         73% 
Optimistic       80% 
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Figure  4.3  Operation  of  Fossil-Fuelled  and  CANDU  Power  Plants 
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Figure  4.4  CANDU  Reactor  Flow  Diagram 


Steam  pipes 


Pressurizer 


yy^ 


f^\ 


Heavy  water  coolant  — - 


■  A  ■  Priiiiar\  pumps  III 


ladtis  ""    *C  J        f   \t     -  Headers *f 

'J      V  A 


r.il.irKlrii 


Heavy  water  iii(«lerator 


) 


MiKlerator  heat  exeliantjor 


SOl'RC'.K  Alomie  Knorn\  of  ("aiiada  l.imili-d 


46 
A  RACE  AGAINST  TIME 


Figure  4.5  Nuclear  Fission 
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the  CANDU  reactor  is  transported  to  the  heat  ex- 
changers, or  boilers,  in  which  steam  is  generated. 
The  steam  turbine  and  electric  generator  system 
then  convert  the  thermal  energy  of  the  steam  into 
electric  energy.  As  is  the  case  with  all  "heat  engi- 
nes," there  is  an  inherent  lo.ss  of  energy  in  the  ther- 
modynamic cycle.  Consequently,  the  efficiency  of 
a  CANDU  generating  station  is  in  the  order  of  29  to 
30  per  cent  as  compared,  for  example,  with  typical 
efficiencies  of  about  31  per  cent  and  35  to  40  per 
cent  for  LWR  stations  and  coal-fired  stations 
respectively. 

An  elementary  knowledge  of  the  basic  con- 
cepts of  nuclear  physics  is  es.sential  to  an  under- 
standing of  the  nuclear  furnace.  Several  excellent 
elementary  texts,  including  some  paperfxicks,  fill 
this  need  admirably  (see  the  Bibliography)-  Some 
of  the  many  fundamental  physical  laws  and  con- 
cepts that  underpin  riuclear  power  can  be  stated 
simply  as  follows: 

•  The  laws  of  conservation  of  energy  and  mass 
are  fundamental  to  modern  science.  For  example, 
under  .some  circumstances  (notably  in  the  creation 
of  stars  and  their  eventual  demise),  energy  may  be 
converted  into  matter,  and  matter  may  be  con- 
verted into  energy.  In  the  case  of  nuclear  fission  a 
small  fraction  of  the  weight  of  the  fissionable  mate- 
rial is  converted  into  energy.  In  a  very  real  sense 
mass  and  energy  are  equivalent.  The  relationship 
l)etween  them  is  expressed  in  Einstein's  law,  based 
on  his  theory  of  relativity,  E  =  nir,  in  which  E  is 
the  energy  e(juivalence  of  a  mass  m  and  c  is  the 
velocitv  of  light.  Note  that  the  conversion  of  even  a 
microscopic  (juantity  of  matter  produces  a  very 
large  amount  of  energy  because  r  is  a  very  large 
number. 

•  The  nucleus  of  an  atom  is  made  up  of  two  tvpes 
of  particles  of  about  c(|ual  mass,  the  neutron  and 
the  proton.  The  neutron  has  no  electric  charge  and 
the  proton  has  a  positive  charge  ecjual  in  magni- 
tude but  opposite  in  sign  to  that  of  an  electron. 
Nuclei  having  the  same  number  of  protons  but  dif- 
ferent numbers  of  neutrons  are  referred  to  as  iso- 
topes. The  chemical  properties  of  an  clement  are 
inno  way  affected  bv  the  number  ol  neutrons  in  the 
nucleus  and  hence  all  isotopes  of  an  cIchumU  ha\e 


the  same  chemical  properties. '  (As  mentioned  pre- 
viously, normal  hydrogen  and  the  isotope  deute- 
riiun,  i.e.  heavv  hydrogen,  have  the  same  chemical 
properties.) 

•  The  basis  of  nuclear  power  is  associated  with 
what  is  referred  to  as  the  "l)inding  energy  "  of  the 
nucleus.  It  has  been  demonstrated  experimentally 
that  the  mass  of  the  nucleus  is  very  slightly  smaller 
than  the  sum  of  the  masses  of  each  of  the  individual 
neutrons  and  protons.  This  difference  is  the  bind- 
ing energy  and  is,  of  course,  a  manifestation  of  the 
equivalence  between  mass  and  energy.  The  aver- 
age binding  energy  per  nucleon  (a  neutron  or  pro- 
ton) is  normally  greater  for  the  light  elements  and 
decreases  with  the  mass  number  of  the  element. 
For  example,  the  binding  energy  per  nucleon  in 
heavy  elements  such  as  uranium  and  plutonium  is 
less  than  in  lighter  elements  such  as  sodium  and 
iron.  But  more  important  is  the  fact  that  the  nuclei 
of  the  heavy  elements  may  be  comparatively  unsta- 
ble. The  isotope  uranium-235  is  a  case  in  point. 

•  It  is  important  to  distinguish  between  chemical 
reactions  which  invoke  a  rearrangement  of  the 
outer  electronic  orbits  of  atoms,  and  nuclear  reac- 
tions which  involve  a  rearranyement  of  the  protons 
and  neutrons  within  the  nuclei  of  atoms."  Nuclear 
power  results  from  nuclear  reactions  of  a  special 
kind.  When  atoms  of  uranium-2.35  are  bombarded 
with  low  energy  dhermaP  neutrons  there  is  a  hisjh 
probability  that  the  uranium  nucleus  will  split  into 
two  fragments  of  unequal  mass.  This  splitting 
process  is  called  fission  tsee  Figure  4-5'.  Only  three 
radioactive  isotopes  —  nameh'  l'-235,  l'-2.>3  and 
Pu-2.39  —  are  known  to  undergo  thermal  neutron 
fission,  and  of  these  only  l'-2;}5  occurs  in  nature. 
The  process  of  fission  gi\es  rise  to  the  release  of  a 
comparatively  large  amount  of  energy  essentially 
in  the  form  of  the  kinetic  energ\  of  the  fission  pro- 
ducts which  are  ejected  from  the  uranium  nucleus 
with  highxelocities. 

•  .Vnother  \er\  important  nuclear  reaction  re- 
lates to  "fertile"  isotopes.  From  the  standjxiinl  of 
nuclear  power  the  most  imjxirtant  are  uranium- 
2.38  anil  thorium-2.32.  The  nuclei  of  these  isotojx's 
are  not  fissionable  b\  thermal  neutrons,  although 
fission  <.an  take  place  if  the  nuclei  are  Iximlxirdeil 
with  high  energ\  neutrons.  If  nuclei  of  1-238  cap- 
lure  a  neutron,  .i  sequence  of  nuclear  reactioivs 
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takes  place  which  cuhiiinates  in  the  production  of 
Pu-239.  Similarly,  if  nuclei  of  Th-232  atoms  cap- 
ture a  neutron,  U-233  is  ultimately  produced. 
These  nuclear  transformations  can  take  several 
days.'  Both  Pu-239  and  U-233  have  essentially  un- 
stable nuclei  which  are  readily  fissionable  by  low 
energy  neutrons. 

•  When  the  fission  of,  say,  U-235  is  initiated,  two 
or  three  high  energy  neutrons,  as  well  as  fission 
products,  are  ejected  from  the  uranium  nucleus.  If 
natural  uranium  is  used,  these  high  energy  neu- 
trons must  be  slowed  down  by  the  use  of  a  "moder- 
ator" in  order  to  increase  the  probability  that  they 
will  be  captured  by  other  U-235  nuclei  which,  in 
turn,  will  fission  and  create  more  neutrons.  In  this 
way,  a  nuclear  chain  reaction  can  be  established 
and  if  an  adequate  amount  of  U-235,  in  an  appro- 
priate geometrical  configuration,  is  present,  a  high 
level  of  energy  is  released.  Although  the  fissile  ele- 
ments are  the  same,  in  the  nuclear  bomb  the  chain 
reaction  takes  place  at  fantastic  speed.  Within  mil- 
lionths  of  a  second  the  mass  releases  a  tremendous 
amount  of  energy.  The  nuclear  weapon  is  "uncon- 
trolled fission".  The  nuclear  reactor  is  "controlled 
fission".  The  former  requires  very  pure  fissile  mate- 
rials, while  in  the  case  of  the  nuclear  reactor  the 
fissile  material  is  comparatively  dilute.  In  the  case 
of  CANDU  the  proportion  of  U-235  in  natural  ura- 
nium is  only  0.712  percent. 

Previously,  we  discussed  the  production  of 
heavy  water  as  an  integral  part  of  the  front-end  of 
the  CANDU  fuel  cycle  (see  Plate  4,  Colour  Sec- 
tion).* We  are  now  in  a  position  to  appreciate  its 
central  role  in  the  development  of  a  controlled 
nuclear  reaction  in  a  CANDU  reactor.  Heavy 
water  slows  down  (moderates)  the  high  energy 
neutrons  and  only  a  small  proportion  of  these  neu- 
trons are  lost  through  capture,  producing  a  radio- 
active isotope  of  hydrogen,  tritium  (H-3).  Light 
water  is  much  less  effective  as  a  moderator  because 
of  excessive  neutron  capture.  Light  water  reactors 
must  therefore  use  uranium  enriched  with  2  to  3 
per  cent  U-235  in  order  to  make  up  for  the  neutrons 
which  are  captured.  In  spite  of  the  complex  tech- 
nology involved  in  producing  enriched  uranium 
fuels  (in  CANDU  the  corresponding  process  is  the 
"enrichment"  of  ordinary  water  to  produce  heavy 
water),  LWRsare  widely  used  on  a  global  scale. 


Uranium  fuel  bundles  (see  Plate  4,  Colour  Sec- 
tion) are  loaded  and  unloaded  into  the  pressure 
tubes  which  nm  horizontally  through  the  calandria 
using  two  fuelling  machines.  During  start-up,  the 
calandria,  a  large  "tank"  which  surrounds  the  core 
of  fuel-bearing  pressure  tubes,  is  gradually  filled 
with  heav)'  water.  Adjuster  rods,  which  absorb 
neutrons,  are  gradually  removed  until  the  reactor 
goes  "critical".  A  500  MW  CANDU  reactor  (e.g. 
Pickering  A)  contains  about  100  tonnes  of  natural 
uranium  and  hence,  about  712  kg  of  U-235.  The 
commissioning  phase  of  CANDUs,  which  may 
take  several  weeks,  has  been  remarkably  success- 
ful, and  the  teams  of  engineers  and  scientists  re- 
sponsible have  broken  several  world  records  for 
the  speed  with  which  the  commissioning  process 
has  been  completed. 

Some  Unique  Features  of  CANDU 

The  CANDU  reactor  is  the  only  commercially 
available  reactor  which  uses  heavy  water  as  mod- 
erator, natural  uranium  as  fuel,  and  pressurized 
heavy  water  as  coolant.  Its  "neutron  economy",  in 
consequence,  is  the  most  efificient  of  all  commer- 
cially available  reactors.  For  example,  CANDU 
burns  uranium  about  one-third  more  efficiently 
than  the  LWR. 

CANDU  possesses  several  unique  design  and 
operating  characteristics  that  make  it  a  highly  sig- 
nificant contribution  to  the  world's  nuclear  tech- 
nology. For  example,  in  the  majority  of  nuclear  re- 
actors, the  fuel  and  the  moderator  are  enclosed  in  a 
large  pressure  vessel.  CANDU,  however,  incorpo- 
rates pressurized  zirconium  tubes  which  nm  hori- 
zontally through  the  calandria  and  contain  "bun- 
dles" of  uranium  fuel  pellets.  Heavy  water  coolant 
under  pressure  flows  through  these  tubes  to  re- 
move the  fission  heat.  This  design  is  considered  to 
be  more  efficient  and  safer  than  the  pressure  vessel 
configuration  characteristic  of  the  LWR,  because 
the  possibility  of  catastrophic  vessel  failure  is 
avoided  by  using  large  numbers  of  tubes  (390  per 
reactor  for  the  Pickering  station).  Furthermore, 
unlike  other  reactors,  CANDU  can  be  refuelled</ 
while  operating  at  full  power.  This  feature  con-, 
tributes  to  the  safety,  efficiency  and  economy  of  the 
system. 

Because  of  CANDUs  cylindrical  calandria. 
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special  steps  must  he  taken  to  obtain  homogeneity 
of  the  neutron  flux  density  in  the  core  to  avoid  a 
situation  where  some  parts  of  the  core  become 
"hotter"  than  others.  The  computer  control  (two 
back-to-back  computers  are  used  to  ensure  niiix- 
imum  reliability)  of  core  neutron  flux  is  amongst 
the  most  sophisticated  in  existence.  As  well  as  opti- 
mizing the  overall  performance  of  a  reactor  (the 
energy  produced  per  tonnes  of  natural  uranium 
fuel),  this  facility  enhances  reactor  safety  (see 
Chapter  6). 

From  a  design  standpoint  CANDU  technology 
is  extremely  flexible.  For  example,  an  alternative 
coolant,  such  as  an  organic  liquid,  can  be  used  and, 
at  least  theorectically,  CANDU  can  be  adapted  to 
burn  several  alternative  mixed  oxide  fuels  based  on 
thorium,  uranium  and  plutonium.  Use  of  these 
mixed  oxide  fuels  would  obviously  extend  the  life 
of  uranium  .supplies.  (So,  of  course,  would  the  com- 
mercialization of  the  "fast  breeder"  reactor  at  pre- 
sent under  development  in  several  European  coun- 
tries.) Finally,  because  of  the  pre.ssure  tube 
concept,  CANDU  reactors  are  not  particularlv 
"dimension  limited,"  as  is  the  case  with  the  present 
generation  of  LWRs.  The  potential  capacity  of  the 
CANDU  reactor  —  by  increasing  the  size  of  the 
calandria  and  the  number  of  pressure  tubes  —  is  at 
least  1 250  MW. 

CANDU,  however,  has  certain  disadvantages. 
The  capital  costs,  per  kilowatt,  of  a  CANDU  gen- 
erating station  are  about  20  per  cent  higher  than 
those  of  a  comparable  light  water  reactor.  Much  of 
this  price  differential  is  in  fact  due  to  the  high  cost 
of  producing  heavy  water,  the  present  price  of 
which  is  approximately  $210  per  kilogram. 
Becau.se  radioactive  tritium  is  produced  in  the  nor- 
mal operation  of  a  CANDU  reactor,  both  the 
coolant  and  moderator  are  to  some  extent  radioac- 
tive. Furthermore,  tritium  is  a  highlv  radioactive 
gas  with  a  half-life  of  about  12  vears  and  is  verv 
diflicull  to  contain.  ilowcNcr,  tritium  releases  ha\e 
been  kepi  well  below  the  limits  set  bv  the  .\FCB. 
This  and  other  CANDU  environmental  concerns, 
including  those  a.ssociated  vsith  the  production  of 
heavy  water,  are  considered  in  (Chapter  (1 

A  further  undesirable  feature  of  the  C.\NDl' 
reactor  is  thai  .m  increase  in  reailivitv  occurs  in  the 
core  if  a  \oid  Likes  place  in  the  pressure  tubes.  For 


example,  a  lo.ss  of  coolant  accident  would  cause  a 
voiding  of  the  pressure  tubes  as  the  coolant,  no 
longer  under  high  pressure,  begins  to  boil.  Such  an 
accident  would  result  in  a  temporary  increase  in 
reactivity  at  a  time  when  it  is  cnicial  that  the  reac- 
tor be  shut  down  as  (juickly  as  possible.  This  "posi- 
tive void"  is  uni(jue  to  the  CANDU  pressure  tube 
design.  The  reactivity  increa.se  is  small  and  is  not 
believed  to  have  serious  safetv  implications. 

Management  of  Low-  and  Medium-I^vel 
Radioactive  \\  astes 

The  routine  operation  of  a  nuclear  reactor  gives 
rise  to  large  volumes  of  low-  and  medium-level 
radioactive  wastes,  as  well  as  small  volumes  of 
highly  radioactive  wastes  in  the  form  of  spent  fuel 
(see  Plate  6,  Colour  Section). 

The  low-level  solid  wastes  consist  essentiallv  of 
protective  clothing  and  boots,  nibber  gloves,  imd 
miscellaneous  cleaning  utensils  and  materials. 
These  wastes  are  transported  in  special  containers 
from,  for  example,  the  Pickering  to  the  Bnice  gen- 
erating station.  .\t  Bnice  the  combustible  material 
is  incinerated  in  a  special  facilitv.  The  resulting  ash 
is  classified  as  medium-level  waste  and  disposed  of 
accordingK'.  The  non-combustible  material  is  bur- 
ied in  engineered  structures  within  a  special  zone 
of  the  Bruce  nuclear  comple.x. 

The  medium-level  radioactive  wastes  include 
ion  exchange  resins,  special  filter  media  and  solidi- 
fied li(}uid  concentrates.  .\11  medium-level  wastes 
produced  in  the  province  are  shipped  in  hea\il\ 
shielded  containers  to  the  Bnice  dispos;d  facilitv. 
This  consists  essentiallv  of  a  series  of  large,  engi- 
neered concrete  "tile  holes  "  which  co\  er  an  area  of 
about  five  hectares. 

We  have  examined  the  handling  and  disposiil 
proces.ses  at  Bnice  and  we  are  satisfied  that  the 
precautions  being  taken  are  adeijuate  and  compire 
verv  favourablv  with  similar  handling  and  dispo.s.il 
facilities  we  \  isitetl  in  several  other  countries.  W'e 
understand,  moreover,  that  the  Ontario  Hydro's 
low-  and  mediiun-level  waste  disj^X).s;d  facilities  are 
equal  to  or  superior  to  those  at  present  generallv  in 
use  in  Kurope  and  the  United  States.  In  the  United 
States  low  -level  solid  wastes  are  buried  m  canis- 
ters, and  metliiun-level  solid  wasle.s  are  buried  in 
unuseil  mines;  in  the  Uniteil  KinsJilom.  thev  .ire 
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disposed  of  in  the  ocean.  The  Bruce  facility  is  fully 
instrumented  to  measure  both  radioactive  levels 
and  temperatures  and  is  monitored  and  inspected 
on  a  continuing  basis  by  the  AECB.  Because  the 
volume  of  low-  and  medivmi-level  wastes  will 
probably  reach  major  proportions  within  the  next 
40  to  50  years,  the  disposal  problem  will  necessi- 
tate the  development  of  further  large-scale 
facilities. 

The  Back-End  of  the  Fuel  Cycle 

The  CANDU  fuel  cycle  is  a  "once-through"  cycle 
in  which  no  attempt  is  made  to  recycle  the  irradi- 
ated (spent)  fuel.  Plate  1  of  the  Colour  Section, 
indicates  that  the  "back-end"  of  the  fuel  cycle  re- 
lates solely  to  the  management  of  the  spent  fuel  — 
its  short-term  storage,  its  interim-term  storage,  its 
transportation  and  its  ultimate  disposal.  Further- 
more, the  question  of  how  a  nuclear  power  station 
will  be  "decommissioned"  at  the  end  of  its  useful 
life,  which  is  normally  regarded  as  between  30  and 
40  years,  must  be  addressed.  It  is  clear  that  many 
components  of  the  reactor  building,  especially  of 
the  reactor  core,  will  be  highly  radioactive.  Conse- 
quently, the  process  of  decommissioning  a  nuclear 
plant  will  be  a  very  complex  one. 

All  CANDU  spent  nuclear  fuel  is  currently 
stored  in  large  water-filled  pools  or  bays  on  the 
plant  site.  This  is  a  universally  used  method  of  stor- 
ing spent  fuel  for  an  interim  period. 

Because  of  the  health,  environmental  and 
safety  implications  of  all  aspects  of  the  back-end  of 
the  nuclear  fuel  cycle,  not  least  the  ultimate  dis- 
posal of  high-level  radioactive  wastes,  we  defer 
consideration  of  them  until  Chapter  6,  in  which  we 
consider  the  total  fuel  cycle  from  these  points  of 
view. 

Advanced  Fuel  Cycles 

What  is  the  potential  for  CANDU  in  which  the 
spent  fuel  is  recycled  (closed  loop  fuel  cycles)?  We 
refer  to  these  as  spent  fuel  cycles  (see  Annex  F). 

Each  year,  the  spent  fuel  discharged  from  a  750 
MW  CANDU  reactor  contains  about  165  kg  of 
unburnt  U-235  and  262  kg  of  Pu-239.  The  potential 
of  this  fissile  material  to  produce  electric  power  is 
very  considerable.  It  has  been  estimated,  for  exam- 
ple, that  the  energy  content  of  the  spent  fuel  (the 


Pu-239  component  only)  presently  stored  in  the 
Pickering  A  spent  fuel  bays  is  equivalent  to  150 
million  barrels  of  oil  and  is  increasing  at  the  rate  of 
25  million  barrels  of  oil  each  year.^ 

The  key  question,  which  is  discussed  in  Chap- 
ter 6,  in  connection  with  the  problem  of  the  in- 
terim storage  of  spent  fuel,  is  whether  this  fuel 
should  be  reprocessed  and  the  resulting  Pu-239 
recycled.  Essentially,  advanced  fuel  cycles  could 
be  based  on  the  use  of  either  Pu-2.39  (from  present 
spent  fuel)  or  U-233  ("bred"  from  thorium-232). 
The  basic  aim  of  all  advanced  fuel  cycles  is  to  con- 
serve non-renewable  uranium  resources.  The  po- 
tential of  fuel  cycles  which  use  Th-232  as  a  "fer- 
tile" isotope  is  particularly  interesting  because,  on 
a  global  basis,  it  is  thought  to  be  about  four  times  as 
abundant  as  uranium.  The  fundamental  steps  in- 
volved in  "advanced  fuel  cycles"  are  shown  sche- 
matically in  Annex  F.  Essential  to  all  advanced 
nuclear  fuel  cycles  is  a  "chemical  reprocessing 
plant"  to  extract  Pu-239  from  spent  CANDU  or 
LWR  fuel,  or,  in  the  case  of  the  "thorium  cycle",  to 
extract  U-233  from  the  spent  fuel.  The  unburnt 
U-235  in  CANDU  and  LWR  spent  fuel  is  not  re- 
trievable by  chemical  processing. 

Even  after  5-10  years  storage  in  CANDU  spent 
fuel  storage  bays,  the  fuel  bundles  remain  highly 
radioactive  and  continue  to  generate  heat.  This 
means  that  special  precautions  would  have  to  be 
taken  to  transport  them  to  a  reprocessing  plant.'" 
But  the  most  hazardous  operation  in  all  advanced 
fuel  cycles  is  probably  the  reprocessing  operation 
itself.  At  an  early  stage  it  necessitates,  for  example, 
the  dissolution  of  the  spent  fuel  in  nitric  acid  and 
hence  all  subsequent  processes  involve  highly  ra- 
dioactive and  corrosive  liquids.  Remote  handling, 
of  course,  is  essential.  Compounding  the  difficul- 
ties is  the  fact  that  large  amounts  of  spent  fuel, 
perhaps  several  thousand  tonnes  per  year,  would 
have  to  be  handled.  Furthermore,  the  end-product 
is  plutonium  oxide,  a  highly  toxic  and  radioactive 
substance  which  can  be  an  energy  source  as  well  as 
material  for  nuclear  weapons.  Special  precautions 
must  be  taken  to  ensure  that  a  condition  of  "acci- 
dental criticality"  does  not  occur  since  a  critical 
mass  of  Pu-239  will  spontaneously  explode. 

The  reprocessing  of  spent  fuels  has  been  under- 
taken for  upwards  of  30  years  in  connection  with 
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nuclear  weapons  programmes.  Britain  and  France, 
in  particular,  also  have  many  years  of  experience  in 
reprocessing  spent  fuel  from  nuclear  power  sta- 
tions. To  date,  no  major  accidents  have  occurred. 
Liirge  and  increasing  (juantities  of  pIutonium-2.39 
from  these  plants,  albeit  under  very  strict  .security 
arrangements,  could  possibly  be  diverted  to  unau- 


thorized or  malevolent  use.  Dr.  Walter  Marshall  of 
the  United  Kingdom  .Atomic  Energy  Authority  has 
advocated  the  use  of  fast  breeder  reactors  to 
"burn"  these  inventories  of  plutonium,  thereby 
making  them  unavailable  for  diversion  to  illicit 
use. 


The  following^  Colour  Section  is  a  pictorial 
"walk-through"  of  the  CANDU  Fuel  Cycle, 
complemented  by  diagramatic  illustrations  of 
the  stages  at  each  phase. 
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Figure  5.1  Global  Distribution  of  Nuclear  Power  Stations 


SOURCE  Based  on  data  from  Nuclear  News,  various  issues. 


Chapter  Five 

The 
Nuclear  Debate 


XhE  development  and 
commercial  deployment  of  nudear  power  tech- 
nology in  Canada  and  elsewhere  has  proceeded  vir- 
tually unchallenged  for  three  decades.  The  ques- 
tion of  what  role  nuclear  power  would  play  in 
future  energy  strategies  has,  until  recently,  been 
taken  for  granted  by  governments  and  all  but  ig- 
nored by  a  public  grown  accustomed  to  having  suc- 
cessive generations  of  increasingly  complex  and 
expensive  technologies  deployed  in  their  midst. 

Over  the  past  five  years,  however,  a  growing 
international  debate  over  the  future  role  of  nuclear 
power  has  emerged,  espcciallv  in  those  countries 
where  it  appeared  to  offer  the  greatest  promise  of 
relief  from  dependence  on  imported  petroleum  — 
the  United  States,  Japan,  West  Ccrmanv,  France 
and  Sweden  to  mention  the  most  important  exam- 
ples. Formal  in(|uiries  and  major  studies  have  been 
conducted  bv  respected  organizations  in  the 
I'nitcd  States  (the  Ford-MITHE  Heport  which 
heavil)'  iniluenced  President  Charters  encrg\  pol- 
icy statement  in  April  1977),  the  United  Kingdom 
(the  Flowers  Report)  and  .\ustralia  (the  Ranger 
Uranium  Kiivironmcntal  In(iuir\\  In  recognition 


of  the  complex  and  far-reaching  global  nature  of 
nuclear  development  and  potential  concomitant 
risks  —  such  as  the  additional,  legitimate  access  to 
the  basic  raw  materials,  ecjuipment  and  knowledge 
essential  to  the  manufacture  of  nuclear  weapons 
which  this  technology  may  provide  to  many  na- 
tions —  President  Carter  initiated  a  two-year,  mul- 
tilateral study  in  1977.  This  initiative  —  the  Inter- 
national Nuclear  Fuel  Cycle  Evaluation 
programme  —  includes  representation  from 
Canada  and  will  seek  to  identify  and  evaluate  tech- 
nical and  institutional  strategies  for  the  nuclear 
fuel  cycle  which  offer  reduced  access  to  material 
suital)le  for  use  in  nuclear  weapons. 

In  Canada,  the  nuclear  debate  has  emerged 
over  the  past  two  years  as  an  increasingly  signifi- 
cant public  policy  issue.  Public  attention  has  been 
focussed  on  some  nuclear  issues  bv  sporadic  and 
not  always  thoughtful  media  coverage  of,  for 
example: 

•  the  health  of  uranium  miners  and  recently, 
workers  in  the  Eldorado  Nuclear  Limited  refinery 
at  Port  Hope; 

•  the  radioactive  contamination  of  buildings  in 
Port  Hope  from  landfill  which  contained  tailings 
from  the  Eldorado  Nuclear  Limited  refinery; 

•  the  reaction  of  Madoc  residents  when  it  was 
thought  that  their  community  may  have  been  pro- 
posed as  one  possible  site,  deser\ing  of  further  test- 
ing, for  a  nuclear  waste  repository  ; 

•  the  controversy  over  the  export  of  C.\NDU 
reactors  to  South  Korea  and  .Argentina; 

•  the  Soviet  nuclear-powered  satellite  which 
came  down  in  the  Northwest  Territories;  and 

•  the  recent  Denison-Preston  uranium  contract 
with  Ontario  H\clro. 

\  nvunber  of  formal  iiKjuiries  and  studies  at 
both  the  provincial  and  federal  levels  provide  fur- 
ther evidence  of  a  growing  debate  in  C^mada.  .\t 
the  federal  level,  a  committee  chaired  b\  Dr.  F. 
Kenneth  Mare  recenth  published  its  fimiings  in  a 
document  entitled  "The  Management  of  C;matla"s 
Nuclear  Wastes'.  The  House  of  Commons  Stand- 
ing Committee  on  Nation. d  Resources  .itul  Public 
\\  oiks  h.is  comlucled  putilic  he.irinijs  on  the  rec- 
omniendations  of  Dr.  Hares  reptirt.  In  S;iskatche- 
uan,  Mr.  Justice  J. E.  B;ivda  chaired  the  ClufT  Like 
ln(]uir\  to  ex.vmine  a  proj^His;d  to  ile\elop  the  rich 


61 


62 
A  RACE  AGAINST  TIME 


uranium  deposits  of  Northern  Saskatchewan;  the 
Report  of  this  inquiry  was  published  in  August 
1978.  The  Ontario  Legislative  Assembly  Select 
Committee  on  Ontario  Hydro  Affairs  was  recently 
asked  to  comment  on  a  large  uranium  contract;  it  is 
addressing  the  wider  issues  of  nuclear  power  in  the 
near  future. 

Finally,  this  Commission  has  heard  the  views, 
concerns,  fears,  and  hopes  of  many  Ontarians.  Dur- 
ing the  past  nine  months  (September  1977  to  April 
1978)  of  our  inquiry,  the  debate  was  focussed  on 
nuclear  power.  This  Interim  Report  reflects  the 
importance  which  this  aspect  of  the  debate  has  as- 
sumed in  our  work. 

Clearly,  the  "nuclear  debate"  must  accommo- 
date and  cope  with  discussion  of  both  highly  tech- 
nical and  scientific  matters  as  well  as  emotional 
concerns  and  fundamental  anxieties.  It  is  apparent 
that  Hiroshima  remains  imprinted  upon  the  collec- 
tive unconscious,  not  the  peaceful  descendant  of 
this  military  technology  —  the  nuclear  power 
plant.  Moreover,  the  debate  over  the  future  role  of 
nuclear  power  is  ultimately  a  political  debate  —  in 
the  broadest  sense  of  the  word.  If  the  creation  of 
usable  energy  is  seen,  not  as  an  end  in  itself,  but 
rather  as  a  means  to  achieve  social  goals  (planned  or 
otherwise),  then  value  judgements  are  clearly  im- 
plied by  decisions  about  future  energy  policies. 
The  nuclear  debate  we  have  conducted  has  there- 
fore, justifiably,  frequently  centred  on  social,  polit- 
ical, economic  and  ethical  issues  related  to  the 
broad  outlines  and  well-being  of  future  society. 
While  it  must  be  recognized  that  nuclear  power 
does  not  have  a  monopoly  on  the  pressing  issues  of 
the  day,  the  deployment  of  nuclear  power  in  On- 
tario and  elsewhere  poses  a  complex  set  of  serious 
concerns  different  from  those  of  other  forms  of 
power  generation. 

The  evolution  of  the  nuclear  debate  in  Ontario, 
as  elsewhere,  has  been  characterized  by  an  increas- 
ing polarization.of  views  between  the  proponents 
of  nuclear  power  and  a  small  but  growing  and 
vocal  opposition  to  the  expanded  use  of  nuclear 
energy.  Spokesmen  for  the  nuclear  industry  have 
sometimes  left  the  impression  that  they  regard 
critics  of  nuclear  power  as  uninformed  and  irratio- 
nal opponents  of  all  technological  and  economic 
progress  who  seem  to  dream  naively  of  a  return  to  a 


simpler  life.  Alternatively,  some  critics  of  nuclear 
power  have  on  occasion  taken  positions  which 
have  come  close  to  suggesting  that  the  nuclear  in- 
dustry is  responsible  for  most,  if  not  all,  of  society's 
current  and  future  ills.  While,  for  the  most  part,  we 
have  heard  responsible,  highly  intelligent  and 
sometimes  eloquent  arguments  from  both  sides, 
the  propensity  for  heated  and  emotional  exchange 
is  ever-present,  resulting  in  a  psychological  cli- 
mate in  which  a  reconciliation  of  views  has  been 
extremely  difficult.  The  Commission's  hearings 
have,  we  hope,  provided  a  much  needed  public 
fonim  to  facilitate  a  frank  and  educational  ex- 
change of  information,  viewpoints  and  ideas. 

In  general  and  simple  terms,  the  major  ar- 
guments for  and  against  a  continuing  and  expanded 
commitment  to  nuclear-generated  electricity  in 
Ontario  which  the  Commission  has  heard  during 
the  course  of  the  nuclear  debate  are  outlined 
below. 

The  Case  for  Nuclear  Power 

•  The  argimients  for  nuclear  power  rest  on  the 
assumption  that  the  demand  for  electrical  energy 
will  continue  to  experience  growth  in  the  foresee- 
able future.  Energy  conservation  and  alternative, 
renewable  energy  technologies  (solar,  biomass, 
wind,  etc.)  will  have  a  marginal  and  uncertain  im- 
pact on  this  demand  by  the  year  2000.  An  assured 
and  reliable  supply  of  electricity  provides  substan- 
tial economic  and  social  benefits  which  would  be  at 
risk  if  shortfalls  are  allowed  to  develop  in  the  sup- 
ply of  electrical  energy. 

•  Oil  and  natural  gas,  which  are  not  resources 
indigenous  to  Ontario,  have  important  uses  (chem- 
ical feed-stocks,  liquid  transport  fuels)  for  which 
they  should  be  increasingly  reserved  as  their  price 
escalates  and  supply  depletes  by  substituting  elec- 
tricity wherever  possible. 

•  Coal,  with  which  Ontario  is  not  well  endowed, 
is  the  principal  alternative  to  nuclear-generated 
electricity  but  has  escalated  rapidly  in  price  and 
carries  with  it  heavy  environmental  and  health 
costs. 

•  Uranium  is  indigenous  to  Ontario  and  is  availa- 
ble in  significant  (juantities  elsewhere  in  Canada, 
thereby  minimizing  the  province's  dependence  on 
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uncertain  and  increasingly  expensive  imports  and 
mtiximizingour  potential  for  self-reliance. 

•  The  CANDU  reactor  technology  developed 
independently  by  Canada  over  the  past  twenty- 
five  years  represents  an  unparallelled  achievement 
in  an  extremely  competitive  high  technology  field. 
It  is  a  proven  technology  which  is  available  now. 

•  The  C.\NDU  reactor  burns  natural  uranium 
which  not  only  is  available  from  within  our  own 
frontiers  butobviates  the  problems  a.s.sociated  with 
the  acquisition  of  uranium  enrichment  services,  a 
costly,  complex  and  sensitive  (from  a  proliferation 
point  of  view)  technology  available  to  few  coun- 
tries today  yet  necessary  for  all  current  generation 
non-CANDU  light  water  reactors.  Furthermore, 
CANDU  reactors  consume  uranium  more  effi- 
ciently than  any  other  first  generation  reactor  avail- 
able and  therefore  help  to  couserve  this  non-re- 
newable resource. 

•  All  hvunan  undertakings  inevitably  involve 
some  risk  to  individuals  and  society  as  a  whole.  The 
safety  of  CANDU,  and  indeed  nuclear  power  sta- 
tions of  all  types,  has  been  demonstrated.  The 
safety  standards  and  record  of  the  nuclear  industry 
are  unecjualled  and  provide  a  model  for  other  in- 
dustries. Nuclear  power,  therefore,  represents  a 
risk  to  society  which  is  vanishingly  small,  particu- 
larly when  compared  to  the  risks  to  which  we  are 
already,  often  voluntarily,  subjected. 

•  Nuclear  power  is  environmentallv  more 
benign  when  compared  with  currently  available 
alternatives,  especially  coal.  Radioactive  emissions 
from  nuclear  plants  diuing  routine  operations  are 
negligible  when  compared  lo  natural  background 
radiation  to  which  we  are  all  subjected  or  to  the 
radiation  do.se  which  the  average  person  receives 
from  medical  X-rays.  Although  the  wastes  created 
by  nuclear-generated  electricity  are  highly  radio- 
active for  very  long  periods  of  time,  they  are  nuich 
smaller  in  volume  and  can  be  more  easily  contained 
and  i.solated  from  the  environment  than  the  by- 
products of  coal-fired  general  ion. 

•  CANDU  generatetl  electricity  has  proven  lo  be 
highly  reliable  and  is  independent  of  uncontrolla- 
ble factors  such  as  weather. 

•  Based  on  life-cycle  costs,  nuclear-generated 


electricity  is  significantly  less  expeasive  than  cur- 
rently available  alternatives  such  as  coal.  The  nu- 
clear industry  anticipates  that  the  cost  advantage 
which  nuclear  energy  now  enjoys  will  tend  to  in- 
crease with  time. 

•  ,'\  Canadian  nuclear  industry,  ba.sed  largely  in 
Ontario,  with  the  capability  to  fabricate  and  sup- 
ply 80  per  cent  of  the  e(juipment  and  material  re- 
(juired  for  CANDU  plants,  has  been  put  in  place 
over  the  past  two  decades.  This  industry  employs 
.30,()(K)  people,  many  of  them  highly  skilled  profes- 
sionals and  technicians.  If  an  orderh  domestic  mar- 
ket of  sufficient  volume  for  CANDU  plants  is  forth- 
coming, the  future  employment  and  investment 
potential  offered  by  nuclear  power  is  impressive. 

•  .Although  there  is  no  economic  incentive  to 
recycle  and  reprocess  spent  fuel  from  current, 
highly  efficient,  once-through  natural  uranium 
burning  CANDU  reactors,  C.\NDU  can  be 
adapted  to  other  fuel  cycles  ba.sed  on  plutonium  or 
thorium.  This  flexibility  could  greatly  extend  the 
life  and  viability  of  l)oth  the  CANDU  system  and 
finite  uranium  supplies,  thereby  providing  a  Cana- 
dian alternative  to  the  fast  breeder  reactor. 

The  Case  .\gainst  Nuclear  Power 

•  The  critics  of  nuclear  power  are  confident  that 
an  effective  programme  of  energ\-  conservation 
and  efficiency  improvement  is  possible  and  could 
significantK'  reduce  the  growth  rate  for  electricity 
without  altering  existing  lifestyles  and  living  stan- 
dards, thereby  making  nuclear  power  unnecessiirs-. 
They  argue  that  an  energ\'  conser\ation  pro- 
gramme w  ould  be  cheaper,  faster  and  less  en\  iron- 
mentally  disniptive  while  creating  more  jobs, 
where  they  are  needed,  than  h\  bringing  nuclear 
generaliny  capaciU'  into  being.  Such  an  approach 
would  lni\  time  to  re-evaluate  enerjgy  suppK  strat- 
egies leading  in  the  long  nin  to  a  sustainable,  resil- 
ient energ\'  system  ba.sed  on  indigenous,  renew- 
able energy  technologies  i  solar,  biomxss.  wind, 
etc.^  which  cm  be  more  appropriateK  and  eflfi- 
cienlK  matched  to  the  end-u.ses  for  which  energv  is 
needed. 

•  The  siifelv  of  nuclear  jxiuer  st.it ioas.  espe- 
cially C.\NDU  stations  with  iheir  limited  opera- 
tional experience  on  a  conuuercial  scale,  h.is  not 
been  proven  lievond  rea.sonalile  doubt.  The  health 
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and  environmental  consequences  of  a  major  acci- 
dent at  a  nuclear  plant  could  be  both  long-lived  and 
catastrophic.  The  probability  of  such  events  is 
higher  than  the  low  risk  levels  which  the  nuclear 
industry  has  publicized. 

•  Public  health  and  the  health  of  workers  across 
the  entire  nuclear  fuel  cycle  —  mining,  milling, 
refining,  fuel  fabrication,  plant  operations,  spent 
fuel  management,  and  decommissioning  —  may  be 
at  risk  due  to  chronic  exposure  to  low-level  radia- 
tion, the  aggregated  effects  of  which  may  not  be 
detectable  for  many  years. 

•  The  mining  and  milling  of  uranium  ore  pro- 
duces very  large  volumes  of  long-lived,  low-level 
radioactive  tailings  which  have  leached  into  water- 
ways in  the  vicinity  of  Elliot  Lake,  Ontario, 
thereby  posing  serious  health  and  environmental 
problems  which  have  yet  to  be  adequately 
addressed. 

•  No  method  for  the  safe  and  permanent  disposal 
of  toxic  and  long-lived  high-level  radioactive  nu- 
clear wastes  has  been  demonstrated.  These  wastes 
must  be  isolated  from  the  environment  and  people 
for  periods  of  time  longer  than  the  recorded  history 
of  human  civilization  and  may  therefore  present  a 
threat  to  future  generations  who  will  not  have  re- 
ceived any  of  the  benefits  of  nuclear-generated 
electricity. 

•  The  current  cost  figures  for  nuclear-generated 
electricity  do  not  reflect  the  true  costs  because  of 
various  forms  of  government  subsidization  and  hid- 
den or  externalized  costs  which  society  as  a  whole 
will  pay.  Nuclear  power  is  also  extremely  capital- 
intensive,  a  situation  which  will  result  in  fewer 
jobs  per  dollar  invested  than  any  alternative. 
Therefore,  a  heavy  commitment  to  nuclear  power 
will  limit  the  availability  of  capital  both  for  other 
social  uses  and  for  the  development  of  alternative 
energy  systems  whose  costs  and  benefits  seem 
more  sensible  and  sustainable. 

•  Nuclear  power  is  a  centralized,  highly  capital- 
intensive  and  complex  technology  which  few  peo- 
ple understand.  It  is  a  'hard'  technology  requiring 
very  long  lead-times,  highly  sophisticated  controls, 
extensive  planning  and  regidation  and  unending 
vigilance  to  ensure  .safety.  It  is  therefore  a  technol- 
ogy which  demands  and  tends  to  increase  further 


the  centralization  of  society,  thereby  eroding  fur- 
ther our  potential  for  diversity,  resilience,  .self-reli- 
ance and  adaptivity. 

•  Nuclear  power  is  based  on  an  uncritical  and 
unimaginative  extrapolation  of  historical  trends 
into  the  future.  The  lengthy  lead-times  required  to 
deploy  nuclear  stations  provide  little  flexibility  to 
cope  with  future  social,  economic  and  political 
uncertainties. 

•  If  a  major  commitment  is  made  to  expand  nu- 
clear power  in  Ontario,  the  reprocessing  of  spent 
fuel  to  extract  plutonium  and  the  deployment  of 
second-generation  advanced  fuel  cycle  technolo- 
gies will  become  inevitable  because  of  the  finite 
nature  of  uranium  resources.  The  ma.ssive  hiunan 
and  financial  resources  which  will  have  been  com- 
mitted over  the  next  two  or  three  decades  will  pro- 
vide an  added  and  perhaps  irresistible  momentum. 
These  second-generation  nuclear  technologies  will 
dramatically  escalate  the  safety,  environmental 
and  proliferation  risks  associated  with  nuclear 
power. 

•  Nuclear  power  will  lead  to  greater  local  and 
international  tension  and  instability  by  making  the 
raw  materials  and  basic  technology  required  for 
nuclear  weapons  more  widely  available,  by  pro- 
viding further  potential  targets  to  terrorists,  the 
inevitable  response  to  which  will  negatively  aflPect 
our  civil  liberties,  and  by  forcing  competition  for 
an  increasingly  strategic  but  finite  raw  material  — 
this  time  uranium  rather  than  oil. 

•  Nuclear  power  should  be  considered  a  technol- 
ogy of  last  resort  and  the  option  of  phasing  out  of 
this  technology  before  it  becomes  irreversibly  es- 
tablished should  be  preserved.  A  temporary  mora- 
torium on  further  expansion  of  nuclear  energy 
should  be  immediately  adopted  while  an  extensive 
education  programme  is  undertaken  to  better  in- 
form the  public  as  to  the  full  range  of  implications 
which  would  accompany  a  large  future  commit- 
ment to  nuclear  power  in  Ontario.  Measures  to  en- 
sure the  continued  viability  of  the  nuclear  industry 
during  a  temporary  moratorium  should  be  devel- 
oped. The  moratorium  should  be  accompanied  by 
serious  programmes  of  energy  con.servation  and 
renewable  energy  development. 

As  is  generally  the  case  in  the  course  of  human 
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affairs,  particularly  when  issues  are  of  such  impor- 
tance that  they  are  intensely  and  frequently  emo- 
tionally debated,  the  truth  may  well  lie  somewhere 
between  these  two,  seemingly  polar,  positions. 
When  an  issue  is,  at  once,  as  complex  and  as  crucial 
as  is  the  case  with  nuclear  power,  then  a  responsi- 
ble dialogue  and  extensive,  wide-ranging  public 
participation  are  fimdamentally  important  if  wise 
and  just  decisions  are  to  be  made.  This  is  especially 
important  at  this  point  in  our  history,  when  public 
tnist  and  confidence  in  traditional  institutions  and 
government,  in  Ontario  and  all  western  industrial 
democracies,  may  be  decreasing. 

The  Ontario  public  is,  in  general,  uninformed 
and  perhaps  even  cynically  uninterested  in  energy 
problems.  This  is  even  more  the  case  with  nuclear 
power,  where  the  level  of  knowledge  and  under- 
standing is  often  minimal  at  best.  It  is  difficult  and 
perhaps  unproductive  to  assign  responsibility  for 
this  state  of  affairs  at  a  time  when  major  decisions 
with  far-reaching  social,  economic  and  political 
consequences  with  which  all  Ontarians  will  have 
to  cope  are  pending. 

Two  requirements  are  clear  to  us.  First,  new 
and  imaginative  ways  must  be  found  to  inform  and 
involve  the  public  in  these  important  i.ssues.  To  do 
otherwise  will  risk  unexpected  and  time-consum- 
ing resistance  to  future  projects  when  the  local 
implications  become  obvious  to  affected  comnni- 
nities  who  may  perceive  a  different  relationship 
between  the  risks  incurred  and  the  benefits  to  be 


derived  than  the  planners  did.  Amongst  the  ideas 
that  this  Commission  ha.s  heard  which  deserve  fur- 
ther consideration  are:  a  .Science  Court,  with  pub- 
lic as  well  as  multi-disciplinary  representation 
from  such  diverse  areas  as  ethics,  sociology  and  the 
sciences;  a  citizens'  Energy  Advisory  Committee; 
community,  storefront  Energy  Information  Cen- 
tres; new  energy-oriented  courses  in  the  school  sys- 
tem, particularly  the  elementary  schools;  a  serious 
and  ongoing  commitment  by  all  media  forms  to 
bring  energy  issues  before  the  public  in  an  objec- 
tive and  responsil)le  way. 

Secondly,  we  have  concluded  that  if  an  in- 
formed and  reasonal)l\  sophisticated  public  in- 
volvement in  the  energ\  debate  is  to  be  achieved. 
then  greater  and  freer  puf^lic  access  to  information 
is  essential.  This  is  particularly  important  in  the 
ca.se  of  nuclear  power,  where,  perhaps  because  of 
the  historical  links  of  civilian  nuclear  energy  to 
military  weapons  programmes,  an  aura  of  secrecy 
still  shrouds  the  contemporar\  nuclear  industry. 
This  aura,  together  with  the  {]uite  natural  tendency 
of  any  industry  to  promote  its  products,  hits  often 
led  to  public  suspicion  that  unfavourable  data  are 
withheld  and  that  the  information  made  a\ailable 
by  the  nuclear  industry,  which  often  intimidates 
the  layman  because  of  its  technical  complexit\ ,  is 
not  always  objective.  If  the.se  suspicions  are  to  be 
mitigated  and  if  pul>Iic  trust  and  acceptance  of 
nuclear  power  are  to  be  maintained,  then  the  nu- 
clear industry  must  continue  to  become  more  open 
to  public  scrutinw 


Figure  6.1   Energy  Cycle 
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Chapter  Six 

Health, 

Environmental 

and  Safety 

Concerns 


J.  HIS  Chapter  deals  with 
the  impact  of  the  nuclear  fuel  cycle  on  people  and 
on  what  is  loosely  described  as  the  environment. 
Man  and  his  environment  are  complementarv. 
Man  changes  the  environment,  and  slowly,  very 
slowly,  the  environment  changes  man.  Together, 
they  constitute  the  biosphere  —  the  thin  shell  asso- 
ciated with  the  earth's  surface  and  the  atmosphere 
in  which  all  life  resides.  Industrial  developments, 
and  by  no  means  least  the  generation  of  electricit v, 
interfere  with  nature's  long  established  ecological 
balances  and  cause  irreversible  and  usually  unde- 
sirable changes.  Pollution  is  a  major  manifestation 
of  ecological  imbalance.  Furthermore,  because  of 
nature's  extremely  long  cvolutionarv  time-con- 
stants, man  has  changed  little,  anatomicallv  and 
physiologically,  during  the  past  fifty  thousaiul 
years.  By  the  same  token,  he  is  slow  to  adapt  to 
environmental  changes.  Nuclear  power,  which  has 
potential  for  much  good,  constitutes  a  major  en- 
vironmental challenge  —  to  what  e.vlent  can  it  be 
contained?  How  safe  is  the  fuel  cvcle?  The  major 
threat  a.s.sociated  with  the  nuclear  fuel  cvcle  to 
health  and  the  environment  arises  from  receiving 


excessive  doses  of  radiation.  (An  elementary  scien- 
tific introduction  and  a  siunmary  of  radiation  stan- 
dards are  presented  in  Annex  D. ) 

Low-,  intermediate-,  and  high-level  radiation 
are  present  in  all  phases  of  the  nuclear  fuel  cvcle. 
However,  the  most  concentrated  and  lethal  radia- 
tion is  produced  in  the  core  of  the  reactor  itself. 
The  energy  released  by  the  fission  of  uranium  is 
both  thermal,  which  we  contrive  to  capture,  and 
high  energy  radiation  in  the  form  of  neutrons,  al- 
pha-particles (a),  beta-particles  (yS'  and  gamma- 
rays  (y),  which  we  contrive  to  contain.  This  radia- 
tion emanates  from  radioactive  isotopes  which  are 
not  only  produced  in  the  reactor  core  but  are  also 
important  constituents  of  uranium  mill  tailings 
and,  of  increasing  concern,  spent  nuclear  fuels. 
The  pathways  by  which  these  radioactive  sub- 
stances, as  well  as  toxic  chemicals,  can  be  transmit- 
ted back  to  man  through  water  mo\ements  and 
through  a  nudtiplicity  of  food  chains  are  extremely 
complex.  Moreover,  these  substances  become 
more  and  more  concentrated  as  higher  and  higher 
levels  in  the  food  chains  are  reached.  In  the  case  of 
many  of  them,  man  is  at  the  apex  (see  Figure  6-2'.  A 
basic  understanding  of  how  radiation  affects  man  is 
obviously  important. 

Biological  Effects  of  Radiation 

Since  its  creation,  four  to  five  billion  years  ago,  the 
earth,  itself  a  source  of  radioactivity,  has  been  con- 
tinually bombarded  b\  radiation  in  the  form  of  cos- 
mic rays  and  x-rays  from  outer  space,  as  well  its 
ultraviolet  radiation  from  the  sun.  On  the  one  hand 
this  radiation  has  been  essential  to  ensure  the  reiiu- 
isite  variety  of  nature,  and  the  esolution  of  man. 
but  on  the  other  hand,  it  can  be  harmful  —  lony 
exposure  of  the  body  to  solar  radiation  can  cause 
cancerof the  skin. 

.Vlthough  the  mechanisms  \\hereb\  radiation 
changes  cellular  structure,  e\en  to  the  extent  of 
killing  the  cell,  and  the  processes  in\ol\ecl  in  (he 
subsequent  replication  of  damaged  cells,  are  not 
full)  understood,  we  know  a  great  deal  alxiut  the 
effects  of  radiation  on  hiuuan  health.  There  are 
three  classes  of  radiation-induceil  disease,  .\cute 
"radialion  sickness  is  a.ssociated  \n  ith  exp<isvue  to 
ma.ssive  do.ses  of  radiation,  e.g.  many  of  the  atonu'c 
bomb  \it  lims  died  within  a  few  cia\s  of  exjxisure. 
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Figure  6.2  Pathways  for  Radioactive  Substances 
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Fortunately,  this  is  a  very  rare  class.  Radiation  ef- 
fects which  may  take  many  years  (the  latency  pe- 
riod) to  affect  human  health,  through  causing  can- 
cer, are  referred  to  as  the  somatic  effects;  these 
effects  are  not  transmitted  to  offspring.  The  third 
class,  the  genetic  effects,  arises  because  radiation 
can  cause  genetic  damage  which  may  f)ecome 
manifest  in  the  children  and  grandchildren  of  an 
exposed  person.  Except  in  the  event  of  a  major  nu- 
clear accident,  somatic  and  genetic  effects  can  f)e 
controlled  by  limiting  the  exposure  for  individuals 
and  by  ensuring  the  minimization  of  the  total  radia- 
tion release  to  which  the  entire  population  is 
exposed. 

One  of  the  most  controversial  issues  relating  to 
the  nuclear  fuel  cycle  is  the  effect  of  low  levels  of 
radiation  on  health.  Very  large  samples  are  neces- 
sary to  provide  significant  results,  and  it  is  not  sur- 
prising that,  because  the  period  between  irradia- 
tion and  the  detection  of  cancer  may  be  in  the  order 
of  twenty  years,  experimentation  is  extremely  dif- 
ficult. Although  there  is  a  considerable  amount  of 
experimental  evidence  relating  radiation  exposure 
and  the  induction  of  malignancy  in  animals,  the 
only  evidence  concerning  humans  is  based  on 
groups  who  have  been  subjected  to  very  high  levels 
of  radiation  —  in  particular,  the  Japanese  atomic 
bomb  survivors,  and  several  thousand  patients 
treated  for  spinal  arthritis  by  massive  doses  of 
x-rays.  Data  from  these  groups  have  been  used  to 
estimate  the  effect  of  low-level  radiation  bv  assiun- 
ing  a  linear  relationship  between  radiation  and  in- 
duced cancer  or  leukemia.  The  so-called  "linear 
hypothesis",  in  simple  terms,  assiunes  that  if  a 
given  radiation  dose  induces  a  certain  niunber  of 
malignancies,  then  a  fraction  of  that  dose  will  in- 
duce a  proportionate  number  of  ca.se.s.  The  once 
generally  atcejjted  "threshold  hypothesis",  which 
assumed  that  there  was  a  threshold  level  of  aggre- 
gated radiation  below  which  neither  somatic  nor 
genetic  disease  would  be  induced,  appears  to  have 
been  superseded. 

The  International  C^onunission  on  liadiological 
Protection'  (ICRP),  on  the  basis  of  the  existing  ev- 
idence, has  rccoiniiu'iulod  maximum  limits  for 
himian  exposure  to  radiation,  il  hcsc  arc  gi\en  in 
Annex  D.)  Most  nuclear  regulatory  bodies,  iiicluil- 
ing    Canada's    Atomic    Energy    Control    Board 


(AECB),  have  based  their  radiation  dose  limits  for 
humans  on  the  ICRP  recommended  levels.  In  addi- 
tion to  setting  exposure  limits  to  the  whole  body, 
the  gonads  and  other  sensitive  organs,  the  .^ECB 
has  also  established  limits  on  the  "genetic  dose  to 
the  whole  population"  —  which  should  be  kept 
below  5  rems  per  generation  (i.e.  the  dose  aggre- 
gated over  a  period  of  thirty  years'.  It  is  particu- 
larly important  to  note  that  expert  opinions  differ 
as  to  the  risk  from  exposure  at  the  levels  which 
have  been  established.  However,  it  is  generally 
agreed  that  the  exposure  of  the  general  public  to 
radiation  caused  directly  f)y  nuclear  power  statioas 
is  only  a  small  percentage  (about  1  per  cent'  of  the 
recommended  maximum  levels.  For  workers  in  the 
nuclear  industry  the  nniximum  permissible  doses 
are  at  a  level  10  times  tfiose  applicable  to  the  gen- 
eral public.  The  limits  for  workers  have  been  rig- 
idly enforced  through  individual  monitoring  of 
radiation  doses. - 

Because  each  one  of  us  is  exposed  to  between 
100  and  150  millirems  per  year  of  naturall)'  occur- 
ring radiation,  it  has  been  argued  that,  since  the 
radioactive  discharge,  under  normal  operating 
conditions  from,  say,  Pickering  G.S.  as  monitored 
at  the  plant  perimeter  is  only  5  millirems/year,  this 
is  virtually  negligible.  Indeed,  it  has  been  pointed 
out  that  5  mrem/vear  is  the  additional  dose  re- 
ceived by  a  person  flying  from  Canada  to  Europe 
once  a  year,  or  a  person  living  at  an  altitude  of 
about  .3,(XK)  feet  above  sea  level.  On  the  other  hand, 
some  critics  of  nuclear  pou  er  have  suggested  that 
the  linear  hypothesis,  far  fron)  being  con.ser\atiye, 
mav  in  fact  underestimate  the  health  haziirds  of 
additional  radiation  doses,  howeversmall. 

The  enu'ssions  from  the  Pic  kering  station,  the 
average  radiation  doses  from  \arious  sources,  and 
the  dose  limits  for  various  organs  are  given  in  F"ig- 
ures 6-2 and 6-3 and  .\nnex D respect i\ely. 

Notwithstanding  the  established  dose  limits,  it 
is  clear  that  exposure  of  people  to  radiation  should 
be  kept  as  low  as  practicable.  Noteworthy  is  the 
fact  that  there  is  need  for  more  con,ser%ative  use  of 
(liagMostii-  radiolog\  in  particular  —  ue  cannot  do 
auN  thing  about  backgroimd  radiation,  but  the  sec- 
ond largest  contributor  to  annual  radiation  dose  is 
nudic.il  \  r.i\  s  for  diagnostic  purpo.se,s. 
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Figure  6.3  Average  Radiation  Doses  from  Various  Sources 
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Fuel  Production:  Health  and 
Environmental  Concerns 

As  shown  in  Plates  1  and  2,  in  the  Colour  Section, 
the  production  of  nuclear  fuel  (the  "front-end"  of 
the  CANDU  fuel  cycle)  comprises  the  mining  and 
milling  of  uranium  ores  to  produce  uranium  oxide 
(U3OS),  the  disposal  of  the  mill  tailings,  the  refining 
and  fabrication  of  the  uranium  oxide  into  pellets, 
and  subsequent  assembly  into  fuel  bundles.  The 
technical  processes  involved  in  these  operations 
were  outlined  in  Chapter  4. 

The  health  and  safety  of  workers  in  the  Elliot 
Lake  uranium  mines  was  investigated  by  the  Royal 
Commission  on  the  Health  and  Safety  of  Workers 
in  Mines  (the  Ham  Commission ').  The  Commission 
reported  on  the  hazards  associated  with  uranium 
mining  which  may  induce  lung  cancer: 

•  inhalation  of  radon  gas  and  growth  of  its  short 
lived  products  (or  radon  daughters)  in  the  mine 
atmosphere  or  in  other  enclosed  areas  (see  Table 
6-1  fora  listing  of  radon  and  its  daughters). 

•  ingestion  and  inhalation  of  uranium  concen- 
trates by  operators  in  the  precipitation,  filtering, 
drying  and  packing  areas  in  the  mill; 

•  external  radiation  in  the  neighbourhood  of  very 
high  grade  ores; 

•  radiation  due  to  thorium  (four  times  as  abun- 
dant as  uranium  in  the  rock  of  the  Canadian  ShickP 
as  a  byproduct  of  milling  or  from  reworked 
tailings. 

We  agree  with  the  Ham  Commission  that  ways 
must  be  found  to  reduce  these  hazards,  and  we  are 
encouraged  by  the  fact  that  legislation  incorporat- 
ing many  of  the  Commission's  recommendations 
seems  likely  to  be  introduced  during  the  next  ses- 
sion of  the  Ontario  Legislature. 

Since  1954,  when  uranium  mining  began  in  the 
Elliot  L;ike  region,  there  has  been  serious  environ- 
mental contamination  in  the  immediate  vicinitv  of 
the  mines  resulting  from  the  leaching  of  radioac- 
tive substances,  especiallv  radium-22H,  and  from 
highly  acidic  tailings.  The  mill  hillings  ,iic  dumped 
near  the  mill  and  have  approximateh  the  same 
bulk  as  the  original  ore.  At  present,  for  example, 
there  are  approximately  75  million  tonnes  of  tail- 
ings in  the  Elliot  l^ike  vicinity.  Plate  (i,  in  the  Co- 
lour Section,  showing  the  mill  tailings  from  one 


mine,  illustrates  the  problem  (juite  dramatically. 
The  safe  disposal  of  these  tailings  constitutes  a  ma- 
jor problem.  Several  lakes  and  streams  have  been 
badly  contaminated  —  notably  the  Serpent  River. 
One  of  the  major  problems  has  been  thai  of  con- 
taining the  tailings  so  that  the  radium,  which  is 
readily  dissolved  by  water,  is  prevented  from  en- 
tering streams;  the  problem  of  high  acid  levels  is 
being  handled  chemically. 

Beginning  in  November,  1976,  the  Ontario 
Environmental  Assessment  Board  (E.\B)  has  con- 
ducted a  series  of  public  hearings  in  Elliot  l^ike 
with  respect  to  the  expansion  plans  of  the  uranium 
mining  companies.  In  connection  with  these,  con- 
sultants have  undertaken  a  comprehensive  en- 
vironmental impact  assessment  which  is  at  present 
in  the  hands  of  the  Board.  We  are  aware  of  major 
environmental  implications  of  the  mill  tailings, 
and  we  note  with  approval  that  the  responsible 
provincial  authority,  the  EAB,  is  undertaking  this 
public  incjuiry  on  such  an  important  subject.  An  in- 
depth  study,  recently  undertaken  on  behalf  of  the 
American  Physical  Society',  has  concluded  that: 

The  parts  of  the  fuel  cycle  that  contril)utc  the 
most  to  pulilic  radiation  expo.sure  are  fuel  re- 
processing, uranium  iniiiiiig and  milling. 

Because  no  fuel  reprocessing  is  currentK  taking 
place  in  Ontario,  the  implication  is  that  the  ura- 
nium mining  and  milling  component  contributes 
more  to  public  radiation  exposure  than  the  remain- 
der of  the  C.VNDU  fuel  cycle,  includiny  the  man- 
agement of  spent  fuel. 

As  the  uranium  mining  industry  expands,  it  is 
foreseeable  that  several  hundred  nullion  tonnes  of 
mill  tailings  will  be  left  behind  in  the  tailings  ptinds 
by  the  year  2(XK).  This  will  constitute,  as  it  does  at 
present,  an  increasing  health  and  environmental 
problem  in  the  Elliot  I«ike  region. 

.Vnother  important  dimension  of  the  mill  tail- 
ings problem  relates  to  the  cjuestion  of  what  hap- 
pens to  the  tailing  pontis  \\  hen  the  mining  comp.i- 
nies  cease  operations  —  that  is  when  the  ore 
deposits  have  reac-hed  uneconomic-  levels'^  .\1- 
though  there  .ire  legislative  pro}^xi.s;ds  aimed  at  es- 
tablishing sinking  fluids  to  finance  the  mine  decom- 
missioning phase.  there  are  no  obvious 
lechnologic.il  solutions  in  sight.  In  view  of  the  cxm- 
clusions  of  the  .\merican  Physical  SJocietv  studv 
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Table  6.1  Radon  and  its  Daughters 


Isotope 


Half-life 
(Months) 


Principal 
radiation 


Radon-222 


Poloniuni-218 


Lead-214 


Bisiinuth-214 


Poloniiini-214 


0.1275 

3.05 

26.8 

19.7 

6.3  X  10"" 

a/;)/i«     a 

alpha     a 

belli,  pflttirnii 

Py 

held,  flinnma 

P.y 

alpha     a 
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that  the  mill  tailings  problem  is  probably  more 
difficult  to  handle  than  the  ultimate  disposal  of 
high-level  radioactive  wastes,  partly  because  of  the 
extremely  large  volumes  involved,  it  is  clear  that 
urgent  consideration  must  be  given  to  it. 

We  have  concluded  that  an  independent  re- 
view committee,  consisting  of  internationally  rec- 
ognized ecologists,  and  reporting  to  the  Atomic 
Energy  Control  Board  and  the  Ontario  Environ- 
mental Assessment  Board,  should  be  established  to 
study  the  mill  tailings  problem  in  depth.  At  about 
two  or  three  year  intervals  the  nuclear  power  pro- 
gramme, and  in  particular  the  uranium  mining  and 
milling  part  of  the  fuel  cycle,  should  be  assessed  in 
the  light  of  the  findings  of  this  review  committee. 

The  health  and  environmental  implications  of 
other  aspects  of  the  front-end  of  the  fuel  cycle  — 
such  as  the  transportation  of  uranium  concentrates, 
fuel  elements  and  bundles  —  as  well  as  the  refining 
processes  are  not  considered  to  be  as  serious  en- 
vironmentally as  the  mill  tailings  problem.  Never- 
theless, the  health  and  environmental  problems  of 
the  Port  Hope  refinery  (Eldorado  Nuclear  Eim- 
iled),  although  comparable  to  that  of  other  chemi- 
cal processing  plants,  involve  the  handling  and  sub- 
.secjuent  disposal  of  radioactive  materials. 
Consecjuently,  the  refinerv  is  licensed  bv  the  .\PX;B 
and  operations  are  monitored  by  the  Ontario  Min- 
istries of  Liibour  and  of  the  Environment.  It  is  note- 
worthy, however,  that  the  environmental  impact 
of  a  second  proposed  refinerv  comes  under  the 
jurisdiction  of  Environinenl  Canada's  Environ- 
mental A.sse.ssment  Review  Process,  which  in- 
volves public  hearings. 

It  appears  to  be  gencrallv  accepted  bv  govern- 
ments and  the  public  that  the  waste  disposal  prob- 
lems which  arose  at  Port  Hope  will  ensure  a  high 
level  of  vigilance  on  the  part  of  Eldorado  Nuclear 
I  -imilcd  and  of  the  .\EC:B.  Nor  should  it  pass  unno- 
ticed that  it  was  largely  the  initiative  of  public  in- 
terest groups  which  brought  the  problem  to  light 
and  subsc(iucntl\  facilitated  the  clcaning-up 
operations. 

The  Health  and  I'm  iroiinieiital  Impacts  of  a 
Major  CANDl    Ucactor  Accident 

In  sub.secjuent  sections  we  u  ill  ronsidiM  tlir  steps 
being  taken  to  niiniTui/i'  llic  possil>ilit\  ol  major 


reactor  accidents.  First,  however,  it  may  not  be  out 
of  place  to  consider  the  nature  of  the  threat  in  the 
highly  improbable  event  of  such  an  accident  taking 
place. 

All  operating  nuclear  reactors  accumulate  in 
their  cores,  as  we  have  indicated,  a  large  (juantity 
of  radioactive  material.  For  the  most  part  this  is 
made  vip  of  the  fission  products,  many  of  which  are 
short  lived  and  usuallv  verv  radioactive,  and  the 
actinides  (e.g.  plutonium-239)  which  are  very  long 
lived  and  highly  toxic  substances  (.see  Tables  6-2 
and  6-3). 

By  definition,  a  major  reactor  accident  would 
lead  to  the  severe  overheating,  and  subsetjuent 
melting,  of  the  nuclear  fuel,  which  would  give  rise 
to  a  substantial  (|uantity  of  radioactive  material 
escaping,  after  breaching  several  formidable  barri- 
ers, into  the  environment.  The  major  health  and 
environmental  threat  would  be  due  to  the  escape 
of  the  fission  products  to  the  atmosphere.  The  most 
important  of  the.se  are  caesium,  ruthenium,  tellu- 
rium and  the  fission  gases,  iodine,  krxpton  and 
xenon.  Although  no  such  major  accident  has  e%er 
occurred  anywhere  on  earth,'  it  is  a.ssumed  that  if  a 
substantial  quantity  of  radioactivitv  were  to  be  re- 
leased to  the  atmosphere,  the  radioactivitv  would 
collect  in  a  "cloud'  and  would  be  carried  do\\n 
wind.  The  closer  to  the  reactor  building  \or  within 
the  building),  the  greater  the  probabilitv  of  an  indi- 
vidual s  being  exposed  to  intense  radiation.  .\t  dis- 
tances of  two  or  three  kilometres,  depending  on 
wind  velocitv,  the  cloud  would  begin  to  disperse 
(the  dispersal  zone  could  extend  to  distances  of  .sev- 
eral hundred  kilometres^  and  radioactive  materials 
would  be  deposited  on  the  groimd.  In  conse- 
(luerue,  both  prompt  .mil  latent  cancers  would  lie 
produced. 

It  is  generallv  agreed  that  the  greatest  threat  to 
health  in  the  cncuI  of  a  m.ijor  reattt>racc-iilenl  is  the 
consiilerable  (juantits  oi  the  radio-isotojx'  iodine- 
131  Uvith  a  specific  acti\  itv  of  1.2  x  1(>"  curies  g. 
arul  a  half-life  of  8.2  da\  s^  w  hieh  w  ould  W  released 
to  thc.ilmosiiherc. 

It  is  well  knowii.ilso  th.it  1-1.>1.  .liter  ingestion 
oi  inhalation,  toncenlrates  in  the  tin  roid  gland  and 
m.u  r.uist-,  alter  .i  l.iteiu  \  [H'riod.  thvroid  earner. 
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Table  6.2  Important  Fission  Products  in  One  Kilogram  of  CANDU  Spent  Fuel 


Radioisotope 


Radioactive 
half-life 

(Davs) 


Significant 
radiations 


Specific  activity 
(Curies /gram) 


Iodine-131 

Xenon-133 

Krypton-85 

Ruthenium- 106 

Tellurium-127 

Caesium-137 


8.1 

5.3 

3,944.0 

368.0 

109.0 

10,957.0 

hiiu.  ^omma 

i8. 

y 

beta,  gamma 

P- 

y 

beta,  gamma 

p. 

y 

beta     P 

beta,  (lamvin 

p. 

y 

beta,  gumma 

P, 

y 

1.2  X 

10= 

1.9  X 

10^ 

391 

3.35  X  10^ 

9.43 

X  10^ 

87 
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Table  6.3  Actinidc  Components  in  One  Kilogram  of  CANDU  Spent  Fuel 


.\ctinidc 

Radioactive 
half-life  (Years.) 

Significant 
radiations 

Specific  activity- 
(Curies  per  gram) 

Mass 
(grams) 

Plutonium-239' 
Plutonium-24r 

Plutoniuni-238 
Plutoniuin-240 
Plutonium-242 

Americium-241 

Americiuin-242 

Aniericium-243 

Curiuni-242 

Curium-243 

Curium-244 

24,390 
14 

87 

6,660 

387,000 

458 
0.0018 
8,000 
0.51 
32 
17.6 

alpha     a 
beta     /3 

alplui     a 
alpha     a 
alpha     a 

alpha,  gamnui     a.  y 

beta,  ^amma     /?.  y 

alpha     a 

alpha,  neutron     a 

alpha    a 

alpha,  neutron     a 

6.1  X  10  = 
112 

17 

2.3  X  10' 

4.0  X  10-^ 

.3.2 

8.2  X  10^ 
1.9  X  10  ' 
3320 

47 
83 

2.7 
1.1 

1.2 

'Fissionable  ailinide 
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The  threat  to  children  in  such  circumstances  is  par- 
ticularly serious  because  the  1-131  could  be  in- 
gested in  the  form  of  contaminated  milk.  A  mea- 
sure which  has  been  proposed  to  minimize  the 
effect  of  1-131  is  the  administration  of  an  appropri- 
ate dose  of  potassium  iodate  within  an  hour  of  the 
ingestion  of  the  radioactive  isotope.  Becau.se  of  its 
half-life  of  about  8  days,  1-131  remains  highly  ra- 
dioactive for  a  few  weeks.  Subsequently,  the  major 
contributor  to  the  radiation  field  is  caesium- 134 
with  a  half-life  of  two  years.  The  radioactivity  aris- 
ing from  this  isotope  would  persist  for  many  years. 
Apart  from  the  direct  radiation  to  which  indi- 
viduals might  be  exposed  in  con.sequence  of  the 
released  radioactivity,  there  would  also  be  a  threat 
to  the  public  in  the  immediate  vicinity  of  the  af- 
fected nuclear  power  station,  from  radioactively 
contaminated  food  and  water.The  emergencv  mea- 
sures which  would  be  necessary  in  the  event  of 
such  a  major  accident  would  vary  with  the  circum- 
stances. Immediate  evacuation  of  people  living  in 
the  vicinity,  and  down  wind,  of  the  station  might 
be  neces.sary.  Furthermore,  the  long  term  hazards, 
mentioned  previously,  would  necessitate  the  isola- 
tion of  contaminated  food  and  water,  and  local  de- 
contamination procedures  and  the  evacuation  of 
people  from  heavily  contaminated  areas  might  be 
essential.  The  existing  contingency  plans  are  dis- 
cu.ssed  in  a  later  section. 

Safety  of  the  CANDU  Reactor 

When  we  talk  about  the  safety  of  a  nuclear  reactor, 
we  are  referring  essentially  to  how  effectively  the 
fantastic  amount  of  radioactivity  contained  in  the 
reactor  core  can  be  prevented  from  escaping  into 
the  ground  and  atmosphere  in  the  event  of  major 
malfunctions.  Clearly,  if  a  major  relea.se  of  this  ac- 
cumulated radioactivity  occurred,  as  discu.s.sed  in 
the  previous  section,  the  consequences  would  be 
extremely  serious  and  could  involve  .several  thou- 
sand immediate  fatalities  and  many  more  delayed 
fatalities.  This  is  the  major  issue  which  we  address 
in  this  section. 

An  international  authority  on  nuclear  reactor 
safety,  F.R.  Farmer,  has  stated  that: 

It  is  in  the  nature  of  low  probability  events,  of 
the  type  considered,  that  it  is  impossible  to 
prove  that  accidents  cannot  occur.  In  general 


we  can  only  provide  evidence  to  increa.se  con- 
viction in  the  validity  of  the  hypotheses  and  ac- 
cident models  and  in  better  understanding  of  the 
nature  of  accidents,  their  consequences  and 
probabilities. 

The  safety  of  all  nuclear  reactors  is  predicated 
on  "defence  in  depth",  which  involves: 

•  meticulous  engineering  design  and  constnic- 
tion  aimed  at  minimizing  the  probability  of  acci- 
dents. This  necessitates  high  quality  materials,  rig- 
orous inspection  during  manufacture,  the  testing 
of  components  and  systems,  and  finally  compre- 
hensive in-service  inspection  and  testing; 

•  high  reliability  control,  regidating  and  safety 
systems.  The  design  of  the.se  systems  is  based,  as 
much  as  possible,  on  the  "fail-.safe  "  concept; 

•  the  ultimate  level  of  defence,  which  involves 
the  containment  systems,  minimizes  the  risk  to 
plant  workers  and  to  the  public  in  the  event  of  a 
major  accident. 

Canada  has  played  a  significant  role  in  the  de- 
velopment of  methods  for  assessing  risks  a.s.sociated 
with  the  operation  of  nuclear  reactors  as  well  as  for 
in-.service  testing.  Noteworthy,  during  the  1950s, 
was  the  work  of  E.  SiddalF  and  G.C.  Laurence." 
The  former  estimated  the  comparative  risks  of 
nuclear  power  and  other  industrial  proce.s.ses,  ba- 
sed on  the  a  priori  assumption  that  nuclear  power 
plants  should  be  five  times  safer  than  coal-fired 
plants.  Siddall's  work  was  subsequently  extended 
by  Laurence,  who  established  the  risk  levels  associ- 
ated with  large  releases  of  radioactivity.  The 
achievement  of  low  levels  of  risk,  Laurence  ar- 
gued, should  be  based  on  the  concept  of  separating 
the  three  basic  reactor  systems  —  the  process  sys- 
tems (the  primary  heat  transport,  regidating  and 
electrical  systems),  the  safety  systems  (the  shut- 
down and  the  emergency  core  cooling  systems)  and 
the  containment  systems  (the  reactor  and  vacuum 
buildings).  This  concept  is  the  basis  of  CANDU 
reactor  .safety  philosophy. 

The  absolute  safety  of  any  industrial  process  or 
human  activity,  including  the  generation  of  elec- 
tricity cannot  be  assured.  However,  in  the  case  of 
the  CANDU  reactor,  we  believe  that  the  likeli- 
hood of  a  major  accident  occurring  is  extremely 
small. 
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Barriers  to  the  Release  of  Radioaetivity 

To  protect  the  public  from  potential  radioactive 
releases,  resulting  from  major  accidents,  the 
CANDU  reactor  incorporates  a  variety  of  physical 
barriers.  The  first  barrier  is  the  ceramic  uranium 
oxide  (UO2)  fuel  pellet  itself.  Most  of  the  radioac- 
tive fission  products  are  bound  within  the  UOj,  and 
can  escape  only  if  the  fuel  fails.  The  subsequent 
barriers  include  the  zirconium  fuel  sheaths  of  the 
fuel  bundles,  the  pressure  tubes,  the  heavy  water 
coolant  and  moderator,  the  steel  calandria,  and,  in 
the  case  of  the  Bnice  reactors  and  all  future  reac- 
tors, a  steel  shield  tank  filled  with  light  water, 
which  surrounds  the  whole  calandria.  Further- 
more, the  complete  reactor  assembly  is  located  in- 
side a  thick,  steel-reinforced,  pre-stressed  concrete 
structure  —  the  reactor  or  containment  building. 
(See  Plate  4  in  the  Colour  Section.)  CANDU  plants 
also  have  a  separate  vacuum  building  capable  of 
containing  gaseous  emissions  during  accidents. 
Finally,  the  exclusion  zone  prohibits  permanent 
habitation  within  one  kilometre  of  the  reactor 
building. 

CANDU  Safety  Systems  and  Performance 

The  power  level  of  a  nuclear  reactor  is  determined 
by  the  number  of  neutrons  in  the  reactor  core.  This 
number  can  be  controlled  by  inserting,  or  with- 
drawing, "control  rods"  which  contain  neutron- 
absorbing  material  (e.g.  boron).  The  positioning  of 
these  rods  is  carried  out  automatically  and  involves 
a  comprehensive  system  of  instrumentation  for 
monitoring  various  reactor  parameters.  The  power 
level  and  the  neutron  flux  configuration  for  each 
reactor  are  controlled  by  two  independent  digital 
computers.**  A  fault  in  one  computer  results  in  the 
automatic  transfer  of  control  to  the  other,  while 
simultaneous  failure  of  both  computers  results  in 
reactor  shutdown,  as  described  below. 

If  operating  limits  are  exceeded,  e.g.  in  an 
emergency  situation,  the  reactor  must  be  shut 
down.  In  this  case  the  nuclear  fission  reaction  must 
be  stopped  very  rapidly  by  iaserting  neutron-abs- 
orbing material.  Several  methods  are  a\  ailable.  all 
of  which  operate  on  fail-safe  principles.  The  shut- 
down techni(jues  used  in  Pickering  A  reactors  in- 
volve, first,  the  release  of  a  set  of  gravity  and  spring 


actuated  shutdown  rods,  and  secondly,  the  dump- 
ing of  the  heavv  water  moderator:  these  are  essen- 
tially non-independent  systems.**  In  addition  to  uti- 
lizing shutdown  rods,  Bruce  reactors  and 
subsequent  reactors)  can  also  be  shut  down  inde- 
pendently by  "poisoning"  the  heavy  water  moder- 
atorii.e.  by  inserting  neutron-absorbing  materials). 

But  even  when  the  nuclear  fission  reaction  is 
stopped,  heat  generation  continues  in  the  reactor 
core  —  although  at  a  lower  level  and  declining  rate 
—  and  it  is  necessary  to  remove  this  heat  as  rapidly 
as  possible.  Accordingly,  the  major  systems  upon 
which  reactor  safety  is  predicated  are  the  shut- 
down system  (or  systems),  the  emergency  core 
coolant  system  and  the  containment  system. 

To  date  the  most  comprehensive  study  of  nu- 
clear reactor  safety  was  undertaken  for  the  United 
States  Nuclear  Regulatory  Commission.  It  was  di- 
rected by  Dr.  Norman  C.  Rasmussen,  and  the  find- 
ings have  been  published  in  the  widely  cited  report 
\VASH-140U.'"  The  study  was  based  essentially  on 
the  identification  of  reactor  components  and  the 
probabilities  of  their  failure.  (Note  that  the  Cana- 
dian approach  to  reactor  safet\'  is  predicated  also 
on  a  probability  approach,  though  less  comprehen- 
sive.) In  developing  his  model,  Rasnuissen  identi- 
fied key  component  failures,  poor  maintenance, 
operator  errors,  natural  hazards  and  other  possible 
causes  of  malfimction.  The  model  simulated  radio- 
active releases  resulting  from  a  range  of  accidents, 
and  determined  the  associated  public  risks.  The 
basic  methodology  was  "fault-tree  analysis",  a 
techni(]ue  that  was  developed  originallv  in  Britain 
in  connection  with  the  safetv  of  aircraft  and  was 
subsetjuentlv  u.sed  extensively  by  the  National 
Aeronautics  and  Space  .\dniinistration  N.\S.\^  in 
connection  with  safet\  aspects  of  the  liiited  States 
space  progranuue.  .\lthough  the  conclusions  of  the 
Rasmus.sen  study  are  by  no  means  accepted  uni- 
\  ersalh .  both  pro-  and  anti-nuclear  oriented  scien- 
tists have  recognized  the  value  of  the  study  ;is  an 
important  approach  to  assessing  the  .s;ifety  of  nu- 
clear reactors. 

Classification  and  Discussion  of  Potential 
Major  Reactor  Accidents 

\  simile  failure  accident  is  defined  ;is  failure  in  anv 
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one  of  the  process  systems  —  examples  are  the  rup- 
ture of  a  pipe  in  the  primary  heat  transport  (i.e. 
cooling)  system;  the  failure  of  a  pump  in  the  same 
system;  an  electrical  supply  failure;  or  failure  of 
the  reactor  regulating  system.  Although  serious, 
this  class  of  accident  would  not  normally  give  rise 
to  a  significant  release  of  radioactivity  even  within 
the  reactor  containment  system. 

Much  more  serious  is  the  possibility  of  a  "dual 
mode  failure".  This  could  be  caused  by  the  failure 
of  any  one  of  the  process  systems  together  with  the 
simultaneous  and  independent  failure  of  one  of  the 
safety  systems.  Of  greatest  concern  are  the 
following: 

•  loss  of  primary  coolant  (e.g.  pump  failure,  or 
pipe  rupture)  combined  with  loss  of  emergency 
coolant; 

•  loss  of  primary  coolant  plus  failure  to  shut 
down  the  reactor. 

•  loss  of  regulation  (e.g.  control  of  power)  com- 
bined with  failure  to  shut  down  the  reactor. 

At  present,  although  this  is  subject  to  review, 
the  AECB  requires  that,  in  the  event  of  a  major 
(dual  mode  failure)  accident,  no  member  of  the 
public  will  be  exposed  to  more  than  25  rem  whole 
body  radiation  (note  that  250  rem  whole  body  radi- 
ation would  give  ri.se,  within  30  days,  to  a  fatality 
rate  of  50  per  cent  in  a  population). 

A  word  of  explanation  concerning  the  role  of 
the  emergency  core  cooling  system  (ECCS)  may  be 
helpful.  During  normal  operation,  not  only  is  a 
great  deal  of  radioactivity  created  in  the  reactor 
core  but  also  a  great  deal  of  thermal  energy.  If  the 
shutdown  system  fails  to  operate  in  response  to  a 
fuel  temperature  rise,  caused  by  a  major  nipture  in 
the  primary  coolant  circuit,  a  rapid  escalation  of 
heat  and  temperature  would  occur.  The  purpose  of 
the  ECCS  is  to  remove  the  heat  from  the  core  as 
rapidly  as  po.ssible. 

If,  however,  both  primary  coolant  and  emer- 
gency coolant  fail  there  would  probably  be  partial 
or  complete  melting  of  the  reactor  core.  An  uncon- 
tained  complete  core  meltdown  would  almost  cer- 
tainly give  ri.se  to  a  large  release  of  radioactivity, 
the  consequences  of  which  were  discussed  pre- 
viously. This  would  only  occur,  however,  in  the 
very  unlikely  event  of  the  containment  system  — 
both  reactor  building  and  vacuum   building  — 


being  breached.  (Note  that,  in  the  case  of  a  dual 
mode  (or  triple  mode)  failure  accident,  leading  to 
core  meltdown,  the  vacuum  building  relieves  pres- 
sure buildup  —  steam  is  condensed  by  water  sprays 
—  and  also  helps  to  contain  the  radioactivity.)  This 
could  happen,  for  example,  if  the  melted  fuel  were 
to  fall  to  the  reactor  floor,  melt  through  the  floor, 
escape  into  the  earth  and  contaminate  a  large  area. 
But  both  Ontario  Hydro  and  AECL  have  stre.ssed 
that,  in  their  opinion,  even  in  the  highly  improba- 
ble event  of  a  core  meltdown,  the  containment  sys- 
tem would  hold.  The  main  reason  for  this  high  de- 
gree of  confidence  is  the  fact  that  the  melted  fuel 
would  first  fall  into  the  large  volume  of  cool  heavy 
water  moderator  (about  400,000  litres).  This  would 
act  as  a  heat  sink  —  approximately  four  hours 
would  be  required  to  evaporate  the  water,  during 
which  period  the  decay  heat  of  the  fuel  would  be 
about  I  per  cent  of  that  at  full  power.  Further- 
more, the  designers  contend  that  the  cooling  sys- 
tem embedded  in  the  reactor  floor  combined  with 
an  external  water  source,  which  could  be  hooked 
up  manually,  would  be  able  to  cope  with  the  resid- 
ual heat. 

A.ssuming  absolute  independence  of  the 
process  and  safety  systems,  the  probability  of  a 
core  meltdown  per  reactor  at  Pickering  is  said  to  be 
in  the  order  of  1  in  1,000,000  years.  At  Bmce, 
because  there  are  two  independent  shutdown  sys- 
tems (i.e.  shutdown  rods  and  "poison"  injection), 
the  theoretical  probability  per  reactor  might  be 
considerably  lower,  perhaps  in  the  order  of  1  in 
1,000,000,000  years. 

However,  two  well-informed  nuclear  critics 
who  participated  in  the  hearings.  Dr.  Gordon 
Edwards  and  Ralph  Torrie,  have  argued  that  the 
probability  of  a  dual  failure  could  be  about  100 
times  higher  than  the  theoretical  levels.  This  esti- 
mate is  based  on  failure  rates  in  the  high  pres.sure 
piping  of  the  primary  heat  transport  system  being 
10  times  higher  than  has  been  assumed,  and  also  on 
the  fact  that  the  availability  of  the  Pickering  ECCS 
has  been  demonstrated  to  be  10  times  lower  than 
postulated  by  the  designers.  We  believe  that  the 
Edwards/Torrie  estimate  is  more  realistic  than  the 
theoretical  probability,  not  least  because  the  Ras- 
mussen  Report  has  concluded  that  the  probability 
of  an  uncontained  meltdown  in  a  light  water  (U.S.) 
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reactor  is  1  in  20,000  per  reactor  per  year  (it  has 
been  suggested,  moreover,  that  this  figure  could  he 
out  by  a  factor  of  "5  either  way").  Assuming,  for 
the  sake  of  argument,  that  within  the  next  forty 
years  Canada  will  have  100  operating  reactors,  the 
probability  of  a  core  meltdown  might  be  in  the 
order  of  1  in  40  years,  if  the  most  pessimistic  esti- 
mate of  probability  is  assumed." 

Evidence  to  support  the  Edwards/Torrie  posi- 
tion, which  is  available  in  the  Pickering  Safety 
Reports,  indicates  that  there  were  in  fact  (if  the 
commissioning  period  is  included)  six  loss  of  reg- 
ulation accidents  within  four  years.  This  compares 
very  unfavourably  with  the  design  target  of  one  in 
100  years.  However,  as  a  result  of  a  major  study, 
involving  Ontario  Hydro  and  AECL,  several  im- 
provements have  been  incorporated,  and  there  has 
not  been  a  loss  of  regulation  accident  since  April, 
1975.  We  have  noted  also  that  the  emergency  core 
cooling  system  has  not  met  the  design  targets  al- 
though there  is  evidence  that  the  reliability  of  the 
system  is  improving. 

Of  more  serious  concern  is  the  fact  that  a  leak 
was  discovered  in  the  wall  of  the  Pickering  unit  2 
reactor  building  in  June,  1974,  and  may  have  exi- 
sted for  l'/2  years  —  this  leak  "would  have  reduced 
the  ability  of  the  containment  system  to  limit  ra- 
dioactive release  after  any  unit  2  accident  since  the 
beginning  of  1973".  Measures  which  have  been 
taken  subse(juently  have  resulted  in  design  target 
levels  being  achieved.  But  the  concern  neverthe- 
le.ss  persists  because,  as  Ralph  Torrie  has  pointed 
out,  the  "Pickering  unit  2  containment  would  have 
to  operate  within  target  levels  for  500  years  before 
the  average  annual  availability  would  be  back 
within  the  bounds  of  the  annual  regiilalorv  limit". '' 

It  is  particularly  important  to  bear  in  mind  the 
po.ssibility  of  simultaneous  failure  of  critical  .safetv 
components.  This  is  referred  to  as  "common  mode 
failure".  The  possibility  can  be  minimized  by 
physical  separation  of  components  and  by  a  fail- 
.safe  logic  which  takes  cross-linked  incidents  into 
account. 

Although  we  do  not  bclicyc  thai  the  loss  of  reg- 
ulation accidents,  liie  degree  of  unavailability  of 
emergency  core  cooling  systems,  or  the  loss  of  con- 
tainment incident  at  Pickering  have  given  rise,  in 


the  past,  to  significant  risk  to  the  public,  such  inci- 
dents do  not  increase  confidence  in  the  safetv  of 
nuclear  power.  On  the  other  hand,  and  most  im- 
portantly, more  failures  and  incidents  are  to  be 
expected  during  the  early  years  of  a  reactor's  life. 
These  occurrences  usually  lead  to  improved  de- 
signs which  in  turn  lead  to  enhanced  reliability.  A 
learning  process  is  continually  in  effect  and  it  is  this 
process,  and  its  implementation,  which  gives  us 
confidence  in  the  present  and  future  safety  of  the 
CANDU  reactor. 

Of  basic  importance  in  the  postulation  of  nu- 
clear reactor  accidents  are  the  health  implications. 
The  AECB  has  established  limits  on  allowable  radi- 
ation doses  associated  w  ith  single  and  dual  mode 
failure  accidents  as  well  as  specifying  the  mjix- 
inium  of  0.5  rem  and  25  rem  respect iveh'.  The 
miLximiun  allowable  frequencies  of  occurrence  of 
these  accidents  are  once  in  three  years  and  once  in 
three  thousand  years  respectively.  It  has  been 
shown  that  the  additional  0.5  rem  per  person,  the 
dose  limit  for  a  single  failure  on  the  basis  of  the 
linearity  hypothesis,  would  give  rise  to  an  addi- 
tional 50  induced  fatal  cancers  per  million 
people.''  In  the  case  of  the  dual  mode  failure  limits, 
there  would  i)e  about  2500  additional  induced  can- 
cers per  million  people  exposed  to  a  dose  of  25  rem. 

In  assessing  the  legitimacy  of  the  above  limits  it 
should  be  stressed  that  no  study  similar  to  the  Rits- 
mussen  study  has  been  vmdertaken  in  Canada  to 
assess  the  reliability  of  the  reactor  system  ;is  a 
whole  and  the  con.setjuences  of  major  C.\NDU  re- 
actor accidents.  It  has  been  argued  that,  follow  ing 
the  Farmer  philosophy,  the  main  emphasis,  to  en- 
sure a  high  le\'el  of  safet\ ,  should  be  on  impro\ing 
the  reliabilil\'  of  specific  components,  proce.sses 
and  assemblies.  It  has  further  been  argued  In  On- 
tario Hydro  and  .\ECL  that,  because  the  Ras- 
mussen  study  applies  in  a  general  way  to  C.WDl', 
and  because  an  e<jui\alenl  stud\,  due  to  ongoing 
major  design  changes,  would  ne\  er  be  sufficiently 
up-to-date,  such  a  study  would  not  justify  its  high 
cost.  We  concur  with  this  position,  not  le;ist 
i>ecause  ue  have  great  clilficultN  in  uniierstanding 
how  the  vagaries  of  human  behaviour  can  be  incor- 
porated into  such  highly  .sophisticated  models. 
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The  Human  Factor 

While  the  nuclear  industry  can  take  great  pride 
from  its  enviable  record,  the  adverse  public  re- 
action to  radioactive  releases  that  could  be 
caused  by  operator  error  makes  it  essential  that 
the  operator-control  room  interface  be  opti- 
mized. -  (EPRI  Report  NP-309} 

Most  of  the  serious  nuclear  accidents  (fortunately 
no  "major  accident",  as  defined  previously,  has 
ever  occurred)  which  have  f)een  reported  on  a 
world-wide  basis  appear  to  have  been  caused  liy 
human  error.  Apart  from  the  massive  accident 
which  probably  occurred  in  the  USSR  (details  of 
which  remain  obscure,  although  many  lives  appear 
to  have  been  lost),  there  is  no  evidence  of  nuclear 
accidents  involving  even  a  few  fatalities.  Although 
modern  digital  computers,  especially  "back-to- 
back"  computers,  and  safety  technology  in  gen- 
eral, have  demonstrated  an  incredibly  high  degree 
of  reliability  in  the  monitoring,  control  and  protec- 
tion of  nuclear  reactors,  we  do  not  believe  that 
technology,  per  se,  can  be  endowed  with  an  "ulti- 
mate defence"  (against  accidents)  capability  —  this 
must  rest  with  the  human  operators.  And  even  the 
most  highly  trained  and  conditioned  operator  may 
be  .subject  to  lapses  of  concentration.  Because  we 
felt  that  our  incjuiry  had  not  elicited  adequate  in- 
formation relating  to  the  key  role  of  the  human 
operator  in  reactor  operations,  we  commissioned  a 
study  by  Canada's  two  leading  human  factors  (i.e. 
the  man/machine  interface)  specialists.  The  sum- 
mary report  by  J.W.  Senders  and  Dr.  P.J.  Foley, 
which  we  regard  as  of  particular  importance,  was 
completed  in  June,  1978.  Since  its  completion  a 
report  commissioned  by  the  Electric  Power  Re- 
search Institute  (EPRi)  on  the  same  topic  has  been 
published:  there  is  marked  agreement  between  the 
conclusions  reached. ' ' 

While  the  estimation  of  the  probabilities  of 
failure  of  pressure  tubes,  pumps,  computers,  elec- 
tric components,  relays  and  switches  is  compara- 
tively straightforward,  even  though  operating  ex- 
perience may  be  limited  only  to  a  few  years,  the 
asse.ssment  of  human  operator  performance  is 
much  more  difficult. 

The  basic  principles  of  human  behaviour,  with 
special  reference  to  nuclear  power,  have  been 


stated  by  J.R.  Ravetz.'^  He  identifies  three  princi- 
ples. The  first  relates  to  the  need  for  "commitment 
at  the  top  of  any  hierarchy  of  control".  One  mani- 
festation of  this  principle  is  that  it  is  "impossible 
for  a  control  group  to  enforce  perfect  adherence  by 
operatives  to  any  set  of  formal  niles.  They  must  be 
allowed  initiative  to  accomplish  their  tasks  as  they 
see  fit."  The  second  principle,  stated  by  Ravetz, 
relates  to  "the  need  for  commitment  at  the  bottom 
of  the  hierarchy  .  He  points  out  that  the  quality  of 
workmanship,  of  operational  efficiency  and  indeed 
of  (juality  control,  specified  by  management,  can 
never  be  ab.solutely  guaranteed.  According  to 
Ravetz  "this  problem  of  safety-control  in  manufac- 
ture may  be  effectively  insoluble".  The  third  prin- 
ciple of  human  behaviour  relates  to  the  inevitable 
"degeneration  of  routine  tasks".  Safety  engineer- 
ing must  ultimately  rely  on  the  performance  of  a 
large  number  of  boring,  repetitious  and  non-active 
tasks.  The  conclusions  of  the  Senders/Foley  study 
exemplify  the  three  principles  noted  above. 
Because  of  their  eminence  in  the  field,  we  cannot 
but  accept  and  endorse  their  findings. 

The  following  points,  which  relate  to  the  train- 
ing, evaluation,  skill  maintenance,  the  man/ma- 
chine interface,  and  the  working  environments  re- 
lating to  the  human  operator,  emerged  from  the 
Senders/ Foley  study : 

•  The  training  and  skill-maintenance  of  the  nu- 
clear operators  could  be  improved  —  in  particular, 
there  is  no  system  for  the  collection  of  quantitative 
data  on  operator  performance  on  the  job  which 
could  be  applied  as  feedback  to  modify  and  im- 
prove the  training  system.  Senders  and  Foley  point 
out,  for  example,  that  "no  effort  appears  to  have 
been  made  ...  to  use  well  established  principles  of 
training"; 

•  The  evaluation  of  nuclear  operators  does  not 
appear  to  be  a  "continuous  process".  Continuity  of 
performance  data  collection  is  essential  to  the  eval- 
uation and  maintenance  of  operator  skill.  For  ex- 
ample, there  does  not  appear  to  be  any  means  of 
assessing  whether  the  skill  of  an  operator  is  main- 
tained, enhanced  or  diminished  after  several 
months  on  the  job; 

•  In  .some  respects  the  operation  of  a  CANDU 
reactor,  under  computer  and  ".safety"  control,  is 
almost  "too  good"  —  human  operator  vigilance  is 
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notoriously  clifficull  lo  inainlain  al  high  levels 
when  everything  "always  runs  perfectly  ".  A  much 
more  rigorous  programme  of  on-the-jof)  activities 
including  more  realistic  simulator  work,  which 
embodies  highly  improbable  events  and  which  in- 
corporates feedback,  appears  to  be  desirable; 

•  Although  human  factors  engineering  princi- 
ples have  been  applied  in  the  overall  design  of  nu- 
clear power  control  centres,  there  remain  some 
deficiencies  in  the  design  of  some  instalments  and 
instnunent  panels.  In  an  emergency  situation,  it  is 
essential  that  the  control  and  instnunent  panels 
must  be  optimally  designed. 

•  It  is  not  clear  how  the  operator  training  pro- 
gramme is  dealing  with  the  fact  that  Bruce  G.S.  is 
different,  from  a  human  factors  standpoint,  from 
Pickering  G.S.  Because  of  these  differences,  there 
are  problems  when  operators  transfer  from  one 
plant  to  the  other.  Simulators  should  be  program- 
med as  a  part  of  every  newly  developed  system. 
The  complaint  that  this  programme  would  be  too 
costly  does  not  appear  reasonable,  given  the  de- 
mands made  on  the  human  operator  for  mainte- 
nance of  operation,  and  the  serious  costs  associated 
with  interniption  of  power  output.  That  there  may 
also  be  safety  issues  involved  in  operator  training 
supports  this  proposal.  With  increasing  niunbers 
of  plants  and  operators,  the  low  probabilitv  events 
which  might  occur  as  a  result  of  operator  inade- 
(|uacy  become  economicallv  important; 

•  Senders  and  Foley  make  a  special  point  of 
stressing  the  importance  of  encouraging  engineers, 
operators  and  maintenance  personnel  to  criticize 
the  operating  procedures  at  present  in  force.  There 
is  .some  circiunstantial  evidence  that  criticism  of 
this  kind  is  not  always  welcomed  by  management 
personnel. 

Nevertheless,  in  spite  of  the  above  apparent 
training  deficiencies  and  criticisms,  we  wouki 
stress  that  the  operators  with  w  horn  we  have  been 
in  contact  are  obviouslv  intelligent,  articulate,  con- 
.scientious  and  verv  aware  of  their  heavy 
responsibilities. 

C>((U})<ilii>iuil  ll(  iiltli  (iiul  Sdfctif 

The  Nuclear  Generation  Division  of  Ontario  Mn- 
dro  was  established  in  1958.  During  the  past 
twenty  years  about   forts    million  man-hours  of 


work  have  been  undertaken  with  no  occupational 
fatalities.  Workers  have  averaged  two  lost  time 
accidents  per  million  man-hours  worked  and  none 
of  these  have  resulted  from  radiation  exposure. 
However,  although  these  statistics  are  impressive, 
and  demonstrate  the  excellent  safety  record  of  the 
utility,'"  they  are  not  too  significant  with  respect  to 
the  effects  of  radiation  exposure.  Because  most 
cancers  have  a  latency  period  of  fifteen  to  thirty 
years,  because  the  number  of  workers  involved  is 
comparatively  small,  and  because  there  is  a 
"healthy  worker"  effect,  (i.e.  people  involved  in 
this  kind  of  work  are  of  better  than  average  health) 
the  statistical  significance  of  existing  data  may  be 
problematical. 

The  existing  average  annual  dose  for  the  me- 
chanical maintainers  —  the  highest  exposure  group 
—  is  2  reins.  This,  of  course,  is  below  the  5  rem/ 
year  guideline  set  by  the  ICRP.  (But  see  Annex  D 
for  recent  information  which  suggests  that  the  5 
rem /year  limit  should  be  reduced,  by  a  factor  of 
10,  to  0.5  rem/year.)  The.se  workers  replace  pres- 
sure tubes,  repair  pumps,  work  on  feeder  pipes 
and  remove  valves  from  radioactive  areas,  .\ccord- 
ing  to  the  linearity  theory  their  dose  rates,  if  contin- 
ued over  a  thirty  year  occupational  exposure, 
woidd  be  expected  to  induce  6.5  additional  cancers 
per  thousand  people.  This  should  be  compared 
vyith  the  North  .\merican  lifetime  death  rate  from 
cancer  which  is  2(X)  per  thousand  people. 

The  most  polentialK  hazardous  operation 
which  can  be  expected  during  the  lifetime  of  a 
C.VNDU  reactor  is  the  replacement  of  all  the  reac- 
tor pressure  tubes.  Considerable  experience  \s;ls 
gained  at  Pickering  in  connection  with  the  re- 
placement of  cracked  pressure  tubes  in  units  .3  and 
1.  .\  complete  retubing  operation  would  require  a 
comparatively  large  number  of  skilled  workers 
because  of  the  need  to  conform  to  the  5  rem/\ear 
limit  per  worker.  This  coulil  constitute  a  major  bot- 
lleuec  k  in  the  future  operation  of  Ontario  s  nuclear 
power  stations,  especially  if  more  rigorous  stan- 
dards are  introduced. 

In  general  we  luixe  lonchuleil  th.it.  in  \iew  of 
the  excellent  safet\  recortl  ol  the  Nviclear  exonerat- 
ing Division  of  Ontario  Hydro,  given  the  meticu- 
lous precautions  w  hich  are  taken  lo  monitor  dose 
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rates  and  exposure  levels,  the  long  term  risk  to  nu- 
clear workers,  even  those  at  maximum  exposure 
levels,  is  comparable  with  the  risks  encountered  in 
other  industries.  However,  this  conclusion  is  based 
on  the  5  rem/year  limit;  if  it  is  demonstrated  that 
the  level  should  be  appreciably  reduced,  a  reas- 
sessment of  the  risks  would  be  essential. 

Safety  and  Economics:  The  Trade-offs 

In  concluding  this  introduction  to  CANDU  reactor 
safety,  we  draw  attention  to  the  close  relationship 
between  safety  and  economics.  This  is  by  no  means 
unique  to  nuclear  power.  For  example,  the  safety 
level  of  most  major  engineering  works  and  systems 
such  as  bridges,  hydroelectric  dams,  aircraft,  auto- 
mobiles, roads,  high-rise  apartments,  etc.  is  depen- 
dent upon  how  much  is  spent  to  ensure  safety. 
(Absolute  safety  is  unachievable.)  Similarly  the 
budgets  of  police  forces  and  fire  departments  de- 
termine, in  no  small  measure,  the  degree  of  legal 
and  fire  protection  provided  to  the  public. 

But  a  law  of  diminishing  returns  may  prevail  in 
some  processes  and  systems;  indeed,  a  point  might 
be  reached  where  safety  may  not  be  improved  by 
additional  expenditures  and  may  even  be  compro- 
mised. In  the  case  of  nuclear  power  stations,  how- 
ever, it  is  unlikely  that  such  extreme  conditions 
would  arise  until  after  massive  expenditures  on 
safety  had  been  incurred.  Nevertheless,  herein  lies 
a  dilemma  for  Ontario  Hydro,  the  AECB  and,  by  no 
means  least,  the  public  of  Ontario.  It  can  be  stated 
simply  in  the  form  of  two  questions: 

•  how  much  extra  reactor  safety  can  be  bought 
for  $X  million? 

•  how  much  extra  is  the  consumer  willing  to  pay 
for  electricity  (10  per  cent,  20  per  cent  or  ?)  to 
decrease  the  probability  of  a  serious  release  of  ra- 
dioactivity from  a  nuclear  power  station  from  1  in 
100,000  to  1  in  1,000,000  per  year? 

Although  an  approximate  answer  to  the  first 
question  is  probably  obtainable,  the  second  is  more 
difficult.  Value  judgements  of  a  particularly  signif- 
icant kind  are  involved.  The  Commission  is  not  in  a 
position  to  pass  judgement:  only  the  public  can 
decide.  But  we  emphasize  that  the  economic  im- 
plications of  nuclear  safety  must  be  borne  in  mind 
even  by  the  AECB.  What  applies  to  nuclear  power 
also  applies,  in  principle  —  albeit  with  different 


safety  parameters  —  to  coat-fired  generating  sta- 
tions, solar  energy,  biomass  energy,  and  oil  and  nat- 
ural gas.  The  weighing  of  the  risks  associated  with 
each  technology  is  a  good  beginning.  A  recent  re- 
port by  Dr.  H.  Inhaber,  a  member  of  the  staff  of  the 
AECB,  addresses  the  problem. '" 

Although  we  are  not  technically  competent  to 
assess  the  levels  of  risks  associated  with  the  op- 
eration of  C.'^NDU  reactors,  our  dealings  with 
the  staff  of  AECB  have  convinced  us  that  no  nu- 
clear power  station  in  Canada  would  be  permit- 
ted to  operate  if  it  were  regarded  as  unsafe  in 
any  way. 

Siting  Nuclear  Power  Facilities 

It  is  not  surprising  that  many  people  in  Ontario 
(and  doubtless  elsewhere)  appear  to  be  quite  pre- 
pared to  accept  nuclear  power,  as  long  as  the  nu- 
clear power  stations,  or  heavy  water  plants,  or  ulti- 
mate spent  fuel  disposal  sites,  etc.  are  not  located 
close  to  their  own  community.  Siting  of  nuclear 
facilities  is  a  contentious  issue  for  various  reasons: 

•  there  is  still  a  widespread  belief  that  nuclear 
power  stations  might  explode  like  a  nuclear 
weapon;  this  belief  is  fallacious; 

•  the  association  between  nuclear  power  and 
radiation  bestows  an  aura  of  mystery  on  all  things 
nuclear; 

•  large  tracts  of  land  of  up  to  20,000  hectares  are 
removed  from  any  future  agricultural  or  recrea- 
tional activity; 

•  the  high  voltage  transmission  lines  associated 
with  large  nuclear  power  plants  traverse  good 
quality  agricultural  land  and  cause  inconvenience 
to  farmers; 

•  the  thermal  discharge  along  the  shoreline  into 
the  littoral  zone  could  potentially  affect  the  spaw- 
ning of  fish. 

General  Siting  Principles  and  Criteria 

The  key  principles  which  apply  in  general  to  all 
thermal  generating  stations  (coal  and  nuclear)  and 
heavy  water  plants,  upon  which  siting  decisions 
should  be  based,  can  be  summarized  as  the  princi- 
ples of  need,  local  acceptance,  ensuring  minimal 
health  and  environmental  impact,  energy  and  land 
conservation,  and  maintenance  and  even  enhance- 
ment of  the  economic  and  cultural  life  of  the  local 
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communities.  Particularlv  significant  are  the  land 
use  implications  which  relate  to  agriculture,  re- 
gional planning,  management  and  conservation  of 
water  as  well  as  basic  ecological  concerns. 

Siting  criteria  unitjue  to  nuclear  stations 
include: 

•  an  exclusion  zone  of  1  kilometre,  a  criterion  set 
bytheAECB; 

•  the  availability  of  very  large  amounts  of  water 
for  once-through  cooling  (nuclear  plants  require 
nearly  twice  as  much  cooling  water  as  other  ther- 
mal stations). 

The  siting  principles  and  criteria  are  predi- 
cated on  health,  safety  arid  environmental  factors 
and  the  implications  of  postulated  large  scale  ra- 
dioactive releases.  During  the  normal  operation  of 
a  nuclear  power  station,  it  is  well  known  that  a 
small  amount  of  radioactive  material  may  be  dis- 
charged into  the  cooling  water.  This  is  continually 
monitored  to  ensure  that  the  "radiation  dose"  is 
less  than  the  recommended  limits.  As  we  pointed 
out  in  Chapter  4,  a  unique  problem  associated  with 
CANDU,  because  it  uses  heavv  water  as  moderator 
and  primary  coolant,  is  the  amount  of  the  radio- 
isotope tritium  produced.  Indeed,  tritium,  an  iso- 
tope of  hydrogen  with  a  half-life  of  12.5  years,  is 
released  from  CANDU  reactors  as  a  component  in 
both  the  airborne  and  liquid  effluents.  However, 
this  is  below  the  permitted  level.""  It  has  been  sug- 
gested, nevertheless,  f)y  the  Canadian  Environ- 
mental Advisory  Council'"  that  Canada  has  a  spe- 
cial responsibility  to  investigate  thoroughly  the 
biological  effects  of  tritium  —  we  are  not  aware  of 
any  major  research  in  this  area. 

Of  all  the  environmental  implications  of  elec- 
tric power  generation,  probably  tlie  least  (juantifi- 
able  is  the  aesthetic  component.  Even  many  critics 
would  concede  that  aesthetically  a  nuclear  power 
station  is  to  be  preferred  to  a  coal-powered  station. 
On  the  other  hand  the  siting  of  any  thermal  gener- 
ating station  must  take  account  of  aesthetic  and 
cultural  values,  and  special  weight  should  be  given 
to  preserving  areas  of  natural  beauty,  areas  where 
native  cultures  have  been  established  for  man\ 
generations  and  areas  designated  as  green  belt  and 
recreational  areas.  The  aesthetic  implications  of 
nuclear  power  station  siting  are  not  less  important 
than  the  more  (juantifiable  environmental  impacts. 


Various  siting  proj)osals  aimed  at  minimizing 
the  environmental  impact  of  nuclear  power  have 
been  studied.  The  siting  of  the  stations  under- 
ground is  one  of  the  most  interesting  and  practical. 
Although  imderground  siting  would  not  improve 
the  safety  of  nuclear  stations  in  an  absolute  .sense, 
the  risk  of  injury  and  damage  in  the  event  of  a  major 
accident  would  be  reduced.  From  the  utilities' 
point  of  view  underground  siting  would  provide 
more  flexibility  in  the  choice  of  sites,  would  profia- 
bly  lead  to  appreciably  reduced  transmission  line 
costs  and  environmental  impacts,  and  would  mini- 
mize the  amount  of  land  recjuired.  However,  the 
additional  cost  of  constnicting  a  nuclear  power  sta- 
tion would  be  in  the  order  of  20  per  cent  and  20 
per  cent  of  $.3  or  4  billion  is  not  inappreciable*. 
Nevertheless,  we  believe  that  serious  considera- 
tion should  be  given  to  the  proposal  especially  in 
the  case  of  nuclear  stations  which  may  go  into  ser- 
vice twenty-five  years  hence. 

Note  on  a  Nuclear  Power  Complex 

The  Bruce  nuclear  development  is  the  lartjest  pro- 
jected nuclear  power  complex  in  the  world.  It  has 
also  been  acclaimed  by  internationally  recognized 
nuclear  scientists  and  engineers,  such  as  .\lvin  M. 
Weinberg,  formerly  Director  of  the  Oak  Ridge 
National  Laboratories,  as  a  model  for  other  coim- 
tries  to  emulate.  The  dedication  of  a  single  large 
area  for  nuclear  power  generation,  heavy  water 
production,  and  the  disposal  of  low-  and  intermedi- 
ate-level nuclear  wastes,  as  at  Bruce,  as  contrasted 
with  the  development  of  dispersed  smaller  sites 
has  several  major  acKantages  —  environmental,  as 
well  as  economic  and  social.  Insofar  as  en\  iron- 
mental  and  health  factors  are  concerned,  the  large 
nuclear  complexes,  optimally  sited,  can  minimize 
the  risk  to  the  public  in  the  case  of  a  major  nuclear 
accident  for  tu  o  reasons;  first,  because  the%  usually 
have  a  larger  exclusion  zone,  and  secondly.  l>ecause 
thev  are  usually  located  in  areas  of  low  population 
densitN.  Furthermore,  for  normal  operation,  the 
routine  radioactive  emissions,  albeit  \er\  small, 
have  less  environmental  impact  than  those  of  a 
smaller  station  becau.se  of  the  large  radius  of  the 
exclusion  zone. 

The  concept  of  the  nuclear  complex,  i.solated 
environmentally  and  to  some  extent  socially,  has 
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Figure  6.4  Seismic  Zones  and  Location  of  Plutons  in  Ontario 
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much  to  commend  il:  to  the  average  member  of  the 
public  it  signifies  that  nuclear  power  has  been 
"contained". 

Seismic  and  Meteorological  Considerations 

Nuclear  power  facilities,  especially  power  sta- 
tions, radioactive  waste  disposal  sites,  etc.  should 
obviously  not  be  located  in  earthquake  prone  re- 
gions. Fortunately,  most  of  Ontario  is  character- 
ized as  seismic  Zone  0  and  Zone  1,  although  the 
Ottawa  Valley,  the  St.  Lawrence  Valley  and  the 
Niagara  Peninsula  are  categorized  as  Zone  2  (.see 
Figure  6-4). 

Before  a  nuclear  power  site  can  be  licensed,  a 
detailed  study  of  the  seismic  characteristics  of  the 
area  is  undertaken  to  estimate  the  frequency  of 
occurrence  of  earthcjuakes  with  varying  degrees  of 
severity.  This  investigation  determines  the  suit- 
ability of  the  site  from  a  seismic  standpoint  and,  if 
suitable  (.suitability  is  largely  based  on  the  past 
earthquake  history  of  the  region),  design  criteria 
for  the  major  reactor  svstems  are  developed.  For 
example,  the  primary  cooling  system  and  the  fuel- 
ling machines  are  designed  to  withstand  more  se- 
vere earthquake  conditions  than  the  emergency 
core  coolant  injection  svstem.  We  believe  that  po- 
tential earthcjuakes,  of  appropriate  severilv,  have 
been  taken  into  account  in  the  siting  and  basic  de- 
sign of  CANDU  reactors,  and  that  the  probability 
of  an  earthcjuake  condition  causing  a  dual  mode 
failure  is  very  small. 

Because  of  routine  releases  of  radioactive  gases, 
even  though  at  very  low  concentrations,  and 
because,  more  importantlv,  of  the  possibility  of  a 
major  nuclear  accident  with  conse(iuent  breach  of 
containment,  nuclear  power  stations  should  be  lo- 
cated down  wind  from  large  concentrations  of 
population.  The  .same  applies  to  heavv  water 
plants, although,  unlike  Pickering.  Bruce  is  located 
sufficiently  far  from  dcnscK  populated  areas  that 
the  requirement  is  not  i|uile  so  important.  Of 
course,  all  nuclear  facilities  must  be  designed  to 
withstand  htirricanc  conditions  with  wind  \eloci- 
ties  in  the  order  of  2(K)  km /hour.  We  have  no  mis- 
givings about  the  siting  of  Ontario's  nuclear  facili- 
ties on  meteorological  grounds. 


Contingency  Plans 

If  a  serious  accident  should  occur  at  a  nuclear 
power  station,  common  sense  dictates  that  well 
developed  and  rehearsed  plans  must  be  in  place.  In 
siting  power  stations  and  in  the  future  planning  of 
the  area  reasonably  adjacent  to  the  station,  contin- 
gency plans  must  he  part  of  the  overall  planning 
process.  .Vlthough  Ontario  I  lydro  is  responsible  for 
on-site  action  in  the  event  of  an  emergency  Uhis 
plan  is  in  place  and  is  rehearsed  annually),  the  prin- 
cipal responsibility  for  co-ordinating  off-site  action 
is  vested  in  the  Ontario  Ministry  of  L;ibour.  .\  Con- 
tingency Control  Croup  with  representatives  from 
the  Ministries  of  Agriculture  and  Food,  the  Solici- 
tor General,  the  Environment,  Health,  and  Liibour 
and  from  Ontario  Hvdro  is  charged  with  putting 
the  contingency  plans  into  effect. 

Two  full  scale  rehearsals  of  the  contingency 
plan  have  been  staged  since  197-3.  However,  we 
have  the  impression  that  because  the  likelihood  of 
a  major  nuclear  accident  is  very  small,  contingency 
plans  are  not  regarded  as  an  es.sential  component  of 
nuclear  safety.  For  example,  we  believe  that  it 
would  l)e  appropriate  for  full  scale  rehearsals  to  be 
held  at  least  annually  and  that  these  should  be  care- 
fully reviewed  and  evaluated  by  independent 
observers.""  Furthermore,  the  reports  on  the  re- 
hearsals should  be  made  readily  accessible  to  the 
general  public  and  education  of  those  living  in  the 
immediate  vicinity  of  a  nuclear  power  station 
should  be  encouraged.  It  would  also  be  appropri- 
ate, we  believe,  for  local  ratepayers'  associations, 
and  perhaps  other  public  interest  groups,  to  be  in- 
formed of  and  to  participate  in  rehearsds  of  the 
contingencN  plans. 

Management  of  Thermal  Wastes 

.\11  larye  scale  thermal  generating  stations  in  On- 
tario discharge  heated  water  from  their  condensers 
into  lakes  or  rivers.  This  has  l^een  referred  to  ;is 
"thermal  pollution  ".  However,  there  are  circum- 
stances where  these  discharges  can  l>e  lieneficial  to 
the  ecology  during,  for  example,  cold  weather 
when  a  u  arm  dynamic  thermal  plume  ma%  lie  l>en- 
eficial  to  some  marine  life.  Ne\erthele,ss,  during 
warm  periods,  the  thermal  plume  may  have  a  det- 
rimental effect  on,  for  e.xample.  fish-spawning 
areas. 
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The  general  public  does  not  fully  appreciate 
that  the  amount  of  energy  discharged  into  the 
Great  Lakes  in  the  form  of  low  quality  thermal 
energy  is  over  twice  as  great  as  that  generated  in 
the  form  of  electricity.  A  major  distinction 
between  nuclear  and  fossil-fired  stations  is  that  the 
former,  on  average,  discharge  about  50  per  cent 
more  thermal  energy  into  the  lake  than  do,  for  ex- 
ample, coal-fuelled  stations.  The  reasons  are  first, 
that  fossil-fuelled  stations  discharge  some  thermal 
energy  through  the  smoke  stacks  and  secondlv,  that 
coal-fuelled  stations  can  operate  at  higher  temper- 
atures and  hence  are  more  efficient,  wasting  less 
thermal  energy. 

The  environmental  implications  of  the  thermal 
discharges  are  by  no  means  understood,  because  of 
the  highly  complex  nature  of  the  aquatic  environ- 
ment. A  National  Research  Council  Committee  on 
Environmental  Quality,  for  example,  has  con- 
cluded that: 

The  effects  of  thermal  discharges  are  found  to  be 
specific  to  the  site  of  the  discharge  depending  on 
the  organisms  living  in  the  area  and  on  the  na- 
ture of  the  area.  Consequently,  a  limit  on  waste 
heat  which  might  serve  to  protect  one  locality 
might  do  considerable  harm  in  another. . . .  Or- 
ganisms which  thrive  in  cold  water  will  decrease 
and  the  ones  which  tolerate  heat  better  will 
increase. 

Most  biologists  agree,  however,  that  if  the 
number  of  major  thermal  generating  stations  on 
their  shores  escalates,  the  potential  threats  to  the 
littoral  zones  of  the  Great  Liikes  will  also  escalate. 
Indeed,  both  Fisheries  and  Environment  Canada 
and  the  Ontario  Ministry  of  Natural  Resources 
have  expressed  serious  concern  about  the  environ- 
mental impacts  of  the  thermal  discharges  from  an 
increasing  number  of  nuclear  power  stations.  In 
particular,  the  Ministry  of  Natural  Resources  has 
advocated  extending  the  condenser  water  dis- 
charge pipes  well  beyond  the  littoral  zone  of  the 
lakes.  Ontario  Hydro  estimates  the  cost  to  be 
between  $50  million  and  $100  million  per  thermal 
generat  ing  stat  ion. 

Undoubtedly  the  most  desirable  and  efficient 
method  of  dealing  with  thermal  discharges,  at  least 
in  part,  is  to  utilize  as  much  of  the  waste  thermal 
energy  as  possible  for  district  heating  purposes  and 


for  heating  greenhouses.  Because  the  temperature 
of  this  discharged  energy  is  only  about  11°C  above 
that  of  the  lake  water,  the  bulk  of  it  is  virtually 
unusable.  However,  plans  are  already  in  hand  to 
utilize  the  moderator  coolant  of  Bruce  B  Generat- 
ing Station  to  heat  about  50  hectares  of  green- 
houses in  the  vicinity  of  the  generating  station. 
This  scheme  would  utilize  about  2  per  cent  of  the 
thermal  energy  normally  discharged  into  the 
lake. ''  If  waste  heat  from  generating  stations  can  be 
converted  into  useful  heat,  the  environment  will 
gain  and  so  will  the  people  of  the  province. 

Although  we  do  not  believe  that  thermal  dis- 
charges from  existing  nuclear  power  stations  po.se  a 
major  environmental  threat  at  present,  we  strongly 
endorse  the  concept  of  utilizing  these  discharges. 
We  note  also  that  a  major  expansion  in  the  number 
of  thermal  generating  stations  on  the  shores  of  the 
Great  Lakes  could  have  an  irreversible  and  proba- 
bly undesirable  influence  on  the  ecology  of  the 
Great  Lakes. 

Siting  of  Heavy  Water  Plants 

The  heavy  water  facilities  .serving  Ontario  Hydro's 
nuclear  power  programme  are  located  on  the  site 
of  the  Bnice  Generating  Station.  The  technical  de- 
tails and  the  economics  of  heavy  water  production 
are  considered  in  Chapters  4  and  7.  The  co-location 
of  nuclear  power  generation  and  heavy  water  pro- 
duction has  several  advantages  —  e.g.  large 
amounts  of  electric  power,  steam,  and  water  are 
readily  available;  security  measures  are  in  place. 

In  addition  to  the  usual  environmental  prob- 
lems associated  with  large  industrial  chemical 
plants  —  chemical  and  thermal  pollution,  oil  spills 
and  leakages,  and  sanitary  wastes  —  heavy  water 
plants  routinely  discharge  small  quantities  of  hy- 
drogen sulphide  (H^S).  This  toxic  gas  is  contained 
in  the  process  water  effluent,  and  in  the  gas  phase 
of  the  process  via  a  "flare  stack"  (when  H^S  is 
burned  in  sufficient  quantity,  sulphur  dioxide,  SO,, 
is  created).  The  major  health  and  environmental 
threats  of  heavy  water  plants  arise  if  large  emis- 
sions of  HjS  and /or  SO,  occur  —  the.se  might  arise 
for  three  reasons:  failure  of  the  pressure  envelope; 
chemical  imbalance  in  the  process;  during  start- 
up. 

The  health  and  environmental  impact  of  SOj  is 
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reasonably  well  understood  because  this  toxic  gas 
is  widely  used  in  industry.  Under  normal  operating 
conditions,  the  Bruce  heavy  water  plants  are  meet- 
ing the  environmental  standards  set  for  SO,  levels. 
But  the  discharge  of  H,S  constitutes  a  potentially 
more  serious  problem.  In  a  statement  prepared  for 
the  Canadian  Environmental  Advisory  Council, 
which  referred  to  effects  on  humans,  the  AECB 
stated:" 

Most  information  is  based  on  post-accident  in- 
vestigations and  industrial  experience,  and  so 
highly  injurious  or  lethal  concentrations  in  air 
are  not  accurately  known.  It  has  also  been  sug- 
gested that  long-term  exposure  to  acceptably 
low  concentrations  of  H,S  can  cause  chronic  sys- 
temic poisoning  and  sensitivity  to  H^S  on  future 
short-term  exposure  to  high  concentrations. 

The  AECB  has  established  standards  for  per- 
missible levels  of  H^S  contamination  of  the  atmo- 
sphere and  for  monitoring  the.se  levels.  As  is  the 
case  at  nuclear  power  stations,  AECB  inspectors 
are  responsible  for  on-site  inspections  of  heavv 
water  plants.  Quarterly  reports,  safety  reports  and 
special  incident  reports,  relating  to  the  heavy 
water  plant  operations,  must  be  submitted  by  On- 
tario Hydro. 

Another  environmental  concern,  which  ari.ses 
also  in  thermal  power  generation,  relates  to  the 
impact  on  the  micro-organisms  contained  in  the 
condeaser  coolant  stream.  The  process  is  referred 
to  as  "entrainment".  Minute  life  forms  are  killed  bv 
a  combination  of  water  processing  for  deuterium 
extraction,  heat  and  turbulence  in  passing  through 
the  plant.  Probably  the  effect  of  the  water  process- 
ing is  the  most  lethal.  The  extent  to  which  the  pop- 
ulations recover  through  rapid  reproduction  in 
areas  remote  from  the  plant  is  unknown.  Com- 
pared with  the  lake  water  volume,  the  (juanlit\  of 
water  involved  in  cooling  is  negligible,  but  there  is 
no  doubt  that  losses  of  small  fish  and  higher  forms  of 
organisms  are  probably  irreversible.  Because  infor- 
mation relating  to  these  phenomena  is  inadeiiuate, 
there  should  be  increa.sed  re.search  efforts.  Protec- 
tion  of  the  ecology  of  the  Creat  l^ikes,  as  men- 
tionetl  earlier,  is  essential. 

We  do  not  have  the  technical  competence  to 
judge  the  levels  of  risk  associated  with  heavy  water 
production,  but  our  layman's  judgement  suggests 


that  the  plants  do  not  constitute  a  hazard  to  the 
environment  and  that  all  steps  are  presently  being 
taken  to  ensure  their  sale  operation. 

Ptihlic  Involvement 

During  the  past  few  vears  Ontario  Hydro  has  been 
increasing  its  efforts  to  involve  the  general  public 
in  discussions  relating  to  the  siting  of  thermal  gen- 
erating stations  and  the  routing  of  bulk  traasmi.s- 
sion  lines.  Furthermore,  the  Ontario  Ministrv  of 
the  Environment,  and  especially  the  EAB,  has  not 
only  identified  key  environmental  problems,  such 
as  the  Elliot  Liike  uraniiun  mine  and  mill  tailings, 
but  has  stimulated  major  environmental  studies, 
the  conclusions  of  which  have  been,  and  continue 
to  be,  debated  in  public.  This  Commission  also  has 
done  all  in  its  power  to  encourage  public 
participation. 

We  have  concluded  that  public  participation, 
especialK'  in  the  discussion  of  such  sensitive  sub- 
jects as  the  siting  of  thermal  generating  stations, 
radioactive  waste  disposal  facilities,  etc.  is  essen- 
tial. How  it  can  be  most  effectively  integrated  into 
the  decision-making  framework  \\  ill  be  discussed 
and  debated  during  our  public  uorkshops,  semi- 
nars and  hearings  scheduled  for  January,  1979. 

Interim  Storage  of  Spent  Fuel 

We  turn  now  to  the  "back-end  "  of  the  fuel  cvcle 
and,  in  particular,  the  management  of  spent  fuel."' 
It  is  a  complex  problem  from  all  standpoints  and  a 
highly  contentious  issue.  In  this  section  we  con- 
sider the  interim  storage  (i.e.  up  to  forty  years'  and 
transportation  of  spent  fuel,  and  in  the  next  section 
its  ultimate  disposal. 

The  extreme  lethality  of  a  freshly  removed 
spent  fuel  bundle  is  such  that  a  person  standing 
w  ithin  a  metre  of  it  would  die  within  an  hour.  Dur- 
ing the  next  forts-  \ears land  probabK  for  lhous;inds 
of  years),  the  management  of  himtlretls  of  thou- 
.sands  of  such  bimdles  lin  Ontario  alone*,  which  at 
all  times  must  be  isolated  from  the  earth's  ecosys- 
tem, will  clearly  present  a  problem  of  ma.ssive  pro- 
portions. The  major  radioacti\e  constituents  of 
CANDl'  spent  fuel  on  removal  from  the  reactor 
are  given  in  Table  6-4.  The  radio;icti\ity  at  this 
stage  —  and  inileed  for  about  5(X1  vears  thereafter  — 
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Table  6.4  Nature  of  Spent  Fuel 

Constituents  of  1  kg. 

Spent  fuel 

Fresh  fuel 

U-238 
U-235 
Actinides 
Fission  Products 

984  grams 
2  grams 
5  grams 
9  grams 

1000  grams 

993  grams 
7  grams 

1000  grams 
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is  due  to  the  fission  products.  Of  key  economic  sig- 
nificance is  the  potential  energy,  in  the  form  of 
plutonium,  contained  in  the  spent  fuel.  We  dis- 
cussed "reprocessing"  and  advanced  fuel  cycles  in 
Chapter  4.  See  also  Annex  F. 

On  removal  from  a  reactor  a  spent  fuel  bundle 
is  transferred  by  remote  control  from  the  fuelling 
machine  to  a  storage  bay  filled  with  circulating 
water  within  the  station  in  which  the  water  level  is 
at  least  three  metres  ^ove  the  stacked  bundles. 
These  bays  have  limited  storage  capacity.  At  Pick- 
ering A,  the  original  spent  fuel  bay  is  now  full  and 
an  auxiliary  fuel  bay  has  been  operational  since  the 
spring  of  1978.  Pickering  has  space  for  80,000  bun- 
dles in  the  main  bay  and  190,000  bundles  in  the 
auxiliary  bay,  while  at  Bruce  the  corresponding 
capacities  are  27,000  and  262,000  bundles  respec- 
tively. The  interim  storage  of  the  thirty  year  life- 
time spent  fuel  output  of  Pickering  A  operating  at 
80  per  cent  capacity  would  require  a  2,000  m'  stor- 
age bay.  Alternatively,  if  dry  storage  in  as  vet  ex- 
perimental steel  and  concrete  canisters  were  to  be 
used  (each  canister  containing  216  bundles),  a  total 
of  1500  canisters  would  be  required  and  these 
would  occupy  an  8  hectare  site."^  The  aggregated 
spent  fuel  generated  in  Ontario  to  the  year  2000  for 
various  nuclear  power  programme  scenarios  is 
shown  in  Table  6-5. 

Assuming  a  nuclear  power  programme  based 
exclusively  on  the  existing  once-through  CANDU 
fuel  cycle,  the  two  spent  fuel  interim  storage  op- 
tions are: 

•  to  design  and  constnicl  on-site  storage  bavs  (i.e. 
circulating  water)  capable  of  handling  all  the  spent 
fuel  generated  by  the  station  during  its  lifetime, 
and  sub.sequenlly  transfer  the  spent  fuel  to  an  ulti- 
mate disposal  facility  —  when  it  is  available.  Note 
that  the  design  and  constnictioii  of  the  disposal  fa- 
cility would  include  an  on-site  spent  fuel  immobi- 
lization plant""  which  would  prepare  spent  fuel  for 
placement  in  the  ulliinate  disposal  facility; 

•  as  above  but,  under  strict  safeguards,  to  export 
spent  fuel  to  a  foreign  country  or  countries.  This 
option  would  not  preclude  the  necessilv  of  pro- 
ceeding with  the  development  of  the  ultimate  dis- 
posal facility  since  Ontario  or  Canada  would  likelv 


be  expected  to  assume  responsibility  for  the  re- 
maining high  level  liquid  wastes  once  the  useful 
plutonium  had  been  extracted. 

The  type  ("wet"  or  "dry")  of  interim  —  up  to 
forty  years  —  storage  of  spent  fuel  in  on-site  bays 
will  of  course  depend  on  the  degree  of  deteriora- 
tion of  the  spent  fuel  bundles  in  circulating  water. 
We  understand  that  chemical  treatment  of  the 
water  to  optimize  the  integrity  of  the  fuel  bundles 
is  already  being  done.  If  wet  storage  proves  to  be 
impractical  over  long  periods,  the  alternative 
would  be  to  utilize  dry  storage,  as  mentioned 
previously. 

On  the  other  hand,  if  it  is  decided  to  reprocess 
the  spent  fuel  commercially  (in  Ontario',  the  two 
interim  storage  options  would  be: 

•  Short  term  storage  of  spent  fuel  in  on-site  stor- 
age bays  (say  for  a  minimum  of  five  years);  followed 
by  transport  of  spent  fuel  to  a  central  interim  stor- 
age facility,  probably  serv  ing  all  the  nuclear  gener- 
ating stations  in  the  province  and  perhaps  in 
Canada;  followed  by  reprocessing  of  spent  fuel  and 
fabrication  of  mixed  oxide  fuels;  followed  by  vitri- 
fication of  high-level  licjuid  wastes  from  the  re- 
processing plant;  followed  by  transport  of  solid 
high  level  wastes  to  the  ultimate  disposal  facility; 

•  On-site  storage  of  all  spent  fuel  for  the  lifetime 
of  the  reactor;  followed  by  transport  of  spent  fuel 
to  a  reprocessing  plant;  followed  by  the  steps  out- 
lined above. 

The  difference  between  the  above  options  is 
that  the  first  involves  a  central  interim  storage  fa- 
cility while  the  second  does  not.  The  latter  option 
is  imlikelv  because,  in  an  expanding  nuclear  pro- 
granunc  which  included  reprocessing,  the  large 
amounts  of  spent  fuel  would  more  sensibly  be 
storetl  on  the  same  site  where  it  would  sub.se- 
(juentlv  be  reprocessed. 

Clearly  the  case  for  a  central  interim  storage 
facility  is  fundamentally  predicated  on  whether  or 
not  it  is  deciiled  to  reprocess  C.\NDL'  spent  fuel 
and  to  recycle  the  plutonivuu.  If,  for  example,  no 
reprocessing  is  contemplated  imtil  some  time  after 
the  turn  of  the  centur\  —  a  position  which  we  en- 
dorse —  then  there  is  no  compelling  need  for  a  cen- 
tral interim  storage  facility.""  From  health,  en- 
vironmental and  .siifelv  points  of  vieu ,  \\  e  believe 
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Table  6.5  Spent  Fuel  Generated  by  the  Ontario  Nuclear  Programme,  Various 
Scenarios,  1980-2000 


Darlington 

(Tonnes)     (Cubic 
metres) 

Darlington 
plus 
6000  MW 

(Tonnes)       (Cubic 
metres) 

Darlington 
plus 
16000  MW 

(Tonnes)        (Cubic 
metres) 

Darlington 
plus 
26000  MW 

(Toimes)       (Cubic 
metres) 

1980 
1985 
1990 
1995 
2000 

3,500          7,000 

8.500         17,000 

17,000        35,000 

26,000        50,000 

35,000        70,000 

3,500           7,000 

8,500         17,000 

18,000         36,000 

30,000         60,000 

40,000        80,000 

3,500             7,000 

8,500           17,000 

19,000          38,000 

34.000           68,000 

46,000           92,000 

3,500           7,000 

8,500          17,000 

20,000         40.000 

36,000         72,000 

60,000        120.000 

SOURCE  Based  on  data  from  Ontario  Hydro  and  estimates  by  RCEPP. 
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that  the  existing  CANDU  fuel  cycle  is  much  pref- 
erable to  an  advanced  fuel  cycle  which  would  ne- 
cessitate reprocessing  and  the  management  of 
high-level  liquid  wastes. 

Transportation  of  Spent  Fuel 

The  transportation  of  spent  fuel  is  permitted  after 
a  five  year  cooling  period  in  on-site  storage  bays 
and  will  be  an  important  component  of  the  nuclear 
fuel  cycle  in  the  future.  The  hazards  associated 
with  transportation,  in  particular  the  possibility  of 
accidents  and  the  threat  of  hijacking,  are  real  possi- 
bilities. Hence,  the  minimization  of  handling  and 
transporting  spent  fuel  is  a  desirable  objective. 

CANDU  spent  fuel  is  transported  in  flasks  3 
metres  long  and  2  metres  in  diameter;  several  of 
these  are  undergoing  extensive  testing  at  the 
AECL  Whiteshell  Laboratories.  The  flasks  weigh 
50  tonnes  and  contain  3.5  tonnes  of  spent  fuel  when 
fully  loaded.  The  walls  are  of  9  cm  steel  and  16.5 
cm  lead  shielding.  The  integrity  of  the  flasks  has 
been  tested  under  extreme  conditions,  such  as  50 
km/hour  impacts,  gravity  drops  of  1.3  m  on  to  a 
hardened  steel  pin,  and  immersion  in  an  800  C 
temperature  environment  for  30  minutes.  Accord- 
ing to  AECL  the  release  of  radioactivity  from  the 
flask  would  probably  occur  only  after  a  collision  at 
speeds  of  120  km /hour  and  a  subse(juent  severe 
propane  fire.  The  probability  of  such  an  accident  is 
said  to  be  in  the  order  of  1  in  70  million  shipments. 
In  the  more  than  500  shipments  which  have  been 
made  in  Canada  to  dale  no  accidents  have 
occurred. 

Ultimale  Disposal  of  Spent  Fuel 

There  already  exists,  in  the  world,  probably  tens  of 
thousands  of  tonnes  of  high-level  radioactive 
wastes  which  have  been  produced  by  nuclear 
weapons  and  by  nuclear  power  progranunes  re- 
spectively, in  about  ecjual  amounts.  .Accordingly, 
the  (juestion  facing  society  is  not  whether  we  can 
adequately  isolate  these  wastes  from  the  biosphere 
for  thousands  of  years,  but  rather  how  (piicklv  it 
can  be  done. 

We  assume,  at  present  ami  in  the  fore.seeable 
future,  that  Ontario  will  not  pursue  a  "spent  fuel 
reprocessing  path",  as  discussed  earlier,  and  thai 


the  disposal  problem  relates  to  the  ultimate  dis- 
posal of  spent  fuel.  On  the  other  hand,  on-site  wet 
spent  fuel  storage  for,  if  impracticable,  an  interim 
on-site  dry  storage  facility',  is  clearly  retrievable 
storage,  and  a  decision  to  reprocess  or  not  to  re- 
process spent  fuel  can  l)e  delayed  for  at  least 
twenty  years.  The  reprocessing  option  will  remain 
open  imtil  the  year  2000.  Meanwhile  the  research, 
development,  and  demonstration  programmes  re- 
lating to  the  ultimate  disposal  of  spent  fuel  and 
other  high-level  radioactive  wastes  should,  we 
believe,  proceed  on  a  high  priority  basis.  This  con- 
clusion, as  will  be  shown  later,  is  common  to  all  the 
major  spent  fuel  management  studies  which  have 
been  undertaken  in  recent  years. 

Decoy  Quiracteristics  of  Spent  Fuel 

As  we  have  stres.sed  previously,  spent  nuclear  fuel 
remains  extremely  radioactive  and  toxic  for  hun- 
dreds of  years,  very  radioactive  and  toxic  for  thou- 
sands of  years,  and  moderately  radioactive  and 
toxic  for  tens  of  thou.sands  of  years.  The  decay 
curves  shown  in  Figure  6-5  illustrate  this  very 
dramatically. 

A  word  of  explanation  concerning  the  graphs 
will  be  helpful.  Both  vertical  and  horizontal  scales 
are  logarithmic  —  it  is  (]uite  impossible,  because  of 
the  magnitudes  and  time  periods  invoked,  to  use 
linear  .scales.  The  vertical  scale  shows  the  "inges- 
tion hazard  index",  which  corresponds  to  the  num- 
ber of  cubic  metres  of  water  which  \\  oukl  be  re- 
(juired  to  dilute  the  radioactivity  from  the  high- 
level  wastes  produced  by  a  KKK)  MW"  CANDU 
reactor  per  year,  to  standards  acceptable  for  drink- 
ing water.  Although  this  hazard  index  is  onl\'  a 
crude  measure  of  the  potential  danger  of  the  radio- 
activity, because  many  environmental  factors  are 
involved,  it  nevertheless  gives  an  idea  of  the  serious 
nature  of  the  problem.  The  horizontal  scale  indi- 
cates the  storage  time  in  vears.  For  the  first  6CX) 
years  the  radioactivity  is  due,  almost  exclusi\  ely,  to 
the  fission  products,  and  for  the  following  UXl.tKX) 
\ears  the  main  radioacti\e  isotopes  are  plutonium 
and  americium.  For  comparison  purposes,  the  rel- 
ative ingestion  haziirds  of  uranium  ore  and  ura- 
nium mill  tailings,  as  well  as  the  high-level  wiLstes. 
are  also  show  n. 
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Figure  6.5  Ingestion  Toxicity  ^  of  Spent  CANDU  Reactor  Fuel,  Once  Through 
Natural  Uranium  Cycle 
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1   Ingestion  toxicity  is  the  volume  of  water  required  to  dilute  the  wastes  to  public  drinkiny  water  standards. 

SOURCE  Based  on  data  from  Reviews  of  Modern  Physics.  Vol.  50.  No.  1.  Jaiinary  1978.  and  from  S.  Banarjie,  McMaster 
University. 


.9.} 
HEALTH,  ENVIRONMENTAL  AND  SAFETY  CONCERNS 


Major  Stttdies:  Some  General  Conclusions 

During  the  past  eighteen  months  several  major 
studies,  devoted  wholely  or  in  part  to  radioactive 
waste  management  and  spent  fuel  disposal,  have 
been  published.  Notable  are  the  Flowers  Report;' 
the  Ford-MITRE  Study;'^  the  American  Physical 
Society  Working  Group  Study;'''  the  Karn-Bransle- 
Sakerhet  Study  in  Sweden;"'  and  two  Canadian 
studies  —  the  first  was  sponsored  by  Energy,  Mines 
and  Resources  Canada  and  was  headed  by  Dr.  F.K. 
Hare,  Director  of  the  Institute  for  Environmental 
Studies  at  the  University  of  Toronto,"  and  the  sec- 
ond was  a  study  undertaken  by  Dr.  R.J.  Uffen,'^ 
Dean  of  Applied  Science  at  Queen's  University. 
Some  of  the  major  conclusions  of  these  studies,  in 
very  condensed  form,  are  given  below: 

these  wastes  already  exist  in  substantial  quantity 
and  a  safe  method  for  their  long-term  disposal  is 
in  any  case  required  whatever  is  decided  about 
nuclear  development  in  the  future.  We  are  clear 
that  such  a  demonstration  will  require  a  substan- 
tial programme  of  research.  —  (Flowers  Report, 
Paragrapli338) 

We  believe  that  nuclear  wastes  can  be  disposed 
of  permanently  in  geological  formations  in  such 
a  way  that  there  is  very  little  prospect  of  mate- 
rial escaping  into  the  environment.  Moreover, 
even  unlikely  failures  of  repositories  in  the  dis- 
tant future  would  not  have  large  conse()uences 
to  human  populations.  This  is  tnie  independent 
of  whether  the  wastes  disposed  of  are  spent  fuel 
or  the  re-solidified  and  trans-uranic  wastes  left 
after  reprocessing  and  recycle.  —  (Ford-MITRE 
Report,  paoe  245) 

Effective  long-term  isolation  for  spent  fuel, 
high-level  or  trans-uranic  waste  can  be  achieved 
by  geologic  emplacement.  \  waste  repositorv 
can  be  developed  in  accord  with  appropriate 
site  selection  criteria  that  would  en.sure  with 
low  probability  that  erosion,  volcanism,  mete- 
orite impact  and  other  natural  events  could 
breach  the  repositor\'.  The  possihilit\  of  inad- 
vertent hunian  intrusion  also  can  be  made  re- 
mote and  limited  in  consecjuences.  —  (Report  to 
the  American  Phi/sienl  Societi/  /)(/  the  Stuih/ 
Group  on  \uehiir  Ftiel  I'ycles  and  Waste 
Management.  prtfjeSfi) 

Radioactive  substances  from  a  final  storage  can 
only  be  relca.sed  l)\  the  ground  water.  The  final 
storage  nuist  be  arranged  in  such  a  way  that  such 
a  relea.se  cannot  damage  the  ecological  s\  stem. 


It  is  then  important  to  remember  that  the  activ- 
ity of  the  radioactive  substances  in  the  waste 
diminishes  very  slowly.  The  final  storage  is 
therefore  arranged  so  that  the  migration  of 
these  substances  is  either  prevented  or  dela\ed 
for  a  lonj^  time,  thus  insuring  that  the  concentra- 
tion of  radioactive  substances  which  may  reach 
the  biosphere  will  he  harmless.  For  this  reason, 
the  design  of  the  final  storage  provides  for  a 
mnnber  of  successive  barriers.  —  < Karn-Brdn- 
sle-Sakerlxi  Report  Handlint;  of  Spent  Nuclear 
Fuel  and  Final  Storage  of  Vitrified  High-L«vel 
Reprocessing  Waste,  page  v  I 

The  Hare  report  and  Dr.  Uffen's  study  are  of 
special  interest  to  Ontario,  not  least  becairse  this 
province  possesses  more  than  95  per  cent  of  the 
spent  fuel  in  Canada,  and  the  percentage  is  increas- 
ing. {A  Standing  Committee  of  the  House  of  Com- 
mons is  at  present  studying  the  findings  of  the  Hare 
Report.) 

Both  Dr.  Hare  and  his  colleagues  as  well  ;ts  Dr. 
Uffen  appeared  before  us,  on  separate  occasions,  to 
present  their  respective  reports  and  to  be  cross- 
examined."  We  have  attempted  in  Table  6-6  to 
summarize  their  major  conclusions,  in  a  compara- 
tive form,  and  to  add  our  own  comments  and 
conclusions. 

In  the  technical  sections  which  follow  we  ha\e 
(juoted  extensively  from  the  Uffen  Report,  espe- 
ciallv  in  connection  with  siting  criteria. 

Technical  Criteria 

The  alternative  methods  of  ultimate  disjxjsiil  of 
high-level  radioacti\e  wastes  being  given  serious 
consideration,  globallv,  include  burial  in  stable 
geological  formations  such  as  salt  or  hard  rock,  iuid 
burial  beneath  the  deep  oceiui  floor.  Research  ef- 
forts in  Canada  are  concentrating  on  dispos.d  in 
hard  rock  formations  such  a.s  granite. 

Safe  geological  disposal  depends  to  a  large  ex- 
tent on  the  characteristics  of  the  particular  disptis;il 
site.  It  depemls,  in  particular,  on  the  numlier  and 
iinli\  itiual  integritx  of  the  barriers  w  hich  contain 
the  spent  fuel  and  isolate  it  from  the  earths  ecos\-s- 
teni.  The  first  barrier  would  probabU  Ix"  Ixtsed  on 
vitrification  —  the  cmshed  spent  fuel,  together 
v\  ith  ghiss-making  materials  silica,  etc.'.  wovdd  l>e 
heated  in  a  stainless  steel  inicilde  until  ghuss  is 
formed.    Sid^secjuentlv.    the    cnicible    would    l>e 
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Table  6-6  Comparative  conclusions  on  the  management  of  nuclear  wastes: 

the  Hare  Report,  the  UfFen  Report,  and  the  Commission's  conclusions 

The  Hare  Task  Report 


Is  a  national  plan  needed  for  the  management  and 
disposal  of  radioaetive  wastes? 


Such  a  plan  is  urgently  needed.  It  should  cover  all  as- 
pects of  the  nuclear  fuel  cycle  (from  mining  and  milling 
to  ultimate  disposal);  it  should  also  cover  radioactive 
wastes  from  other  sources  (industry,  hospitals,  universi- 
ties, etc.) 


Should  demonstration,  beyond  reasonable  doubt, 
that  a  method  exists  to  ensure  the  ultimate  safe  con- 
tainment of  spent  fuel  be  required  before  there  is  a 
major  commitment  (inOntario)  to  nuclear  power? 


Because  there  are  "good  prospects  for  the  safe,  perma- 
nent disposal  of  reactor  wastes  and  irradiated  fuel",  the 
Hare  position  is  that  "we  see  no  reason  why  the  disposal 
problem  need  delay  the  country's  nuclear  power  pro- 
gram, provided  that  the  government  proceeds  immedi- 
ately to  the  program  of  research  and  development  in 
the  following  recommendations.  "  Time  limit  on  the 
scale  of  the  nuclear  programme  is  mentioned  based  on 
progress  in  the  development  of  disposal  technologies. 


Do  present  accumulations  of  stored  spent  nuclear 
fuel  constitute  a  health  hazard? 


"The  mass  and  volume  of  these  materials  are  not  large 
and  they  present  no  immediate  hazard."  On-site  water- 
filled  "bay"  storage  is  used  universally  and  a  considera- 
ble amount  of  experience  has  been  gained;  thus,  little 
hazard  is  associated  with  this  method. 


What  are  the  major  environmental  concerns?  Are  the 
wastes  containable? 


".  .  .  the  radiological  impacts  on  natural  ecosystems 
must  l^e  considered  in  addition  to  the  impacts  on  human 
health  and  safety."  The  possible  escape  of  radioactive 
material  will  depend  on  the  movement  and  quantity  of 
ground  water  and  the  extent  to  which  leaching  of  the 
immobilized  wastes  occur.  This  is  the  major  environ- 
mental concern  although  the  potential  effects  of  earth- 
quakes and  glaciation  should  also  be  borne  in  mind. 

"After  examination  of  the  techniques  involved  we 
believe  that  the  routine  operations  needed  to  prepare 
. . .  the  wastes ...  in  disposal  sites  should  create  no  sig- 
nificant environmental  hazard. 


Is  a  central  intcriin  storage  facility  necessary? 


"Utilities  should  plan  on  storing  irradiated  fuel  at  the 
nuclear  power  plants  when  it  is  produced  at  least  until 
1990,  if  not  longer,  to  avoid  shipping  it  more  than 
once."  It  is  recognized  that  "additional  interim  hiel 
storage  capacity  will  clearly  be  needed."  The  concept 
of  water-filled  pools  for  interim  storage  with  concrete 
canisters  as  a  possible  alternative  method  of  storage  is 
endorsed. 


What  type  of  ultimate  disposal  facility  is  required? 


"Of  the  various  options  .  .  .  we  consider  underground 
disposal  in  geological  formations  to  be  the  most  promis- 
ing in  Canada." 


.9.5 
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The  UfFeii  Report 


The  Commission's  Conclusions 


"The  proposed  Nuclear  Control  Board  of  Canada 
should  proceed  as  fast  as  possible  to  develop  "guidelines 
for  permanent  disposal  of  High  Level  Wastes'  analo- 
gous to  the  existing  guidelines  for  low  level  wastes.  " 


We  endorse  the  Hare  and  Uffen  conclusions.  We  stress 
the  urgencs  of  the  need  for  concentrated  research  and 
development  programmes. 


Uffen  is  unequivocal  in  recommending  that  no  nuclear 
programme  be  committed  in  Ontario,  of  "capacity 
greater  than  2(),(XK)  MW",  until  "it  has  been  demon- 
strated beyond  reasonable  doubt  that  a  method  exists  to 
en.sure  the  safe  containment  of  the  long-lived,  highly 
radioactive  waste  for  the  indefinite  future." 


We  endorse  the  Uffen  conclusion.  However,  we  go  fur- 
ther and  conclude  that  continuous  monitoring  of  waste 
disposal  research  should  be  undertaken  b\  an  indepen- 
dent panel  of  experts,  reporting  to  the  .\ECB.  This  cor- 
responds to  the  Iffen  proposal  for  a  "Canadian  Nuclear 
Waste  Management  .\d\  isor\  Council."  If  ade(]uate 
progress  is  not  being  made,  say,  bv  198-5,  the  nuclear 
power  programme  should  be  reassessed  and  a  morato- 
rium on  additional  nuclear  stations  should  be 
considered. 


Profes.sor  Uffen  does  not  speculate  on  the  safetv  ol  tin- 
existing  spent  hiel  bays.  However,  he  implies  that  it 
would  he  desirable  to  minimize  the  time  the  spent  fuel 
remains  in  on-site  storage,  by  providing  an  interim 
spent  fuel  storage  facility  as  (juickK'  as  possibl(>. 


The  existing  spent  fuel  ba\s  do  not  give  ns  cause  for 
concern,  except  in.sofar  as  the  possibilitv  of  sabotage  or 
terrorist  infiltration  of  a  nuclear  generating  station  is 
concerned.  I-Lxperience  on  a  global  basis,  with  the  stor- 
age bavs  appears  to  has  e  been  consistentK  fjood. 


(Jround-water  leaching  and  seepage  over  extremely 
long  periods  are  considered  to  be  the  major  environ- 
mental threat.  The  extent  of  these  physical  phenomena 
will  depend  on  the  integrity  of  the  rock  (e.g.  the 
absence  of  joints,  fractures,  fissures,  and  faults),  vshich 
may,  for  example,  be  impaired  by  drilling  and  blasting 
operations  required  in  constructing  the  facility.  Uffen 
believes  that  the  tiegree  of  contaitunent  cannot  be  de- 
termined until  after  comprehensive  research  has  been 
undertaken. 


We  support,  in  full,  the  Uffen  conclusions  and  the  Hare 
conclusions  in  jjart.  There  is  some  evidence,  admittedh 
ba.sed  on  .some  I  nited  States  work,  that  the  waste-dis- 
po.sal  problem  may  prove  appreciabU'  less  tractable 
than  w;isoriginall\  bclicncd. 


Such  a  facilits'  is  endorsed,  u  illi  the  pi()\  iso  that  On- 
tario Hydro  ""should  not,  at  the  present  time,  enter  into 
any  formal  agreements  concerning  radioactive  waste 
management,  which  involve  or  presuppose  a  connnit- 
ment  to  reprocessing  used  fuel.  " 


We  prefer  on-site  (i.e.  generating  st.ition  site  spent 
fuel  storage  to  a  centralized  faiilitx.  We  l>elie\e  tli.it  .i 
central  facilitv  would  presuppose  the  reprocessing  of 
spent  fuel;  it  would  also  involve  more  transportation 
and  social  and  environmental  problems.  However,  on- 
site  water  storage  for  periods  of  from  thirtv  to  thirtv- 
five  vears  would  depend  on  measures  iK-ing  ile\  elopeil 
to  ensure  no  fuel  bundle  f.iilures  due  to  corrosion  over 
this  period. 


The  preferred  possibilitv  is  disposal  "in  deeji  under- 
ground cavities  (about  1  km  decple.vcavated  in  plutonic 
rocks  dike  granit(^)  in  stable  gc-ologic  areas  suth  ,is  the 
Canadian  Shield  where  seisinit-  ,uid  teitonii-  atlivitv 
are  vcrv  low  ". 


\\'e  concur  with  ihc  ll.ire  .uul  Utien  totulusions.  V^xr- 
lier  in  this  chaptei  vv(>  h.ive  presentetl  the  geolo^ic.il 
site  criteria  reit)mmende<l  bv  the  Institute  of  C^eolog- 
ical  Scieni-es  and  eiulorsed  bv  rrofes.sor  Uffen. 
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Table  6-6  (continued) 


The  Hare  Task  Report 


Where  .should  the  ultimate  thpusitoii/  he  loeated? 


Plutons  in  the  Canadian  Shield  in  Ontario  are  the  pre- 
ferred location,  and  "perhaps  as  many  as  40  or  50  of 
these  plutons  may  merit  such  detailed  investigation." 
The  depository  must  he  located  in  a  "reserve  area" 
much  greater  than  that  of  the  facility  itself. 


How  adetjuate  is  the  Canadian  rescareh  and  develop- 
ment effort  relating  to  the  ultimate  disposal  of  high 
level  radioaeiive  wastes? 


"The  overall  Canadian  program  of  research  and  devel- 
opment is  well  conceived,  hut  has  received  much  too 
little  financial  .support  and  priority.  A  large  increa.se 
will  be  needed  in  the  .scale  of  geological,  geophysical, 
geochemical  and  engineering  research  directed  tow- 
ards the  investigation  of  disposal  sites  and  the  task  of 
rendering  them  operational  as  repositories." 

"More  research  and  development  is  needed  into 
immobilization  technology,  especially  as  regards  the 
dispo.sal  of  irradiated  fuel." 


What  regulatorij  body,  or  bodies,  should  be  responsi- 
ble for  establishing  eriteria  relating  to  the  siting  of 
ultimate  spent-fuel  repositories  and  for  monitoring 
and  inspeetingtheir  operation? 


"AECB  is  the  appropriate  body  to  establish  the  criteria 
for  siting  and  operating  all  waste  management  facilities 
and  should  publish  thecriteriaat  an  early  date." 

"AECB  is  also  the  logical  body  to  determine  the 
long-term  monitoring  that  will  be  required  at  the 
repositories." 


How     should    the     ultimate     udste     repositori/     be 
finaneed? 


"The  Government  of  Canada  should  finance  all  the  cost 
of  developing  the  technology  for  safe  storage  and  dis- 
posal of  radioactive  wastes." 

"The  cost  of  building  and  operating  central  storage 
and  disposal  facilities  should  be  recovered  through 
charges  against  the  organizations  producing  and  sup- 
plying the  radioactive  waste." 


Should  (  hitario  sell  its  storks  of  spent  fuel  to  selected 
foreign  nations:' 


There  is  no  reference  to  this  question  in  the  Hare 
Report. 


How  should  the  public  be  involved  in  decision-mak- 
ing in  conn( ction  with  radioactive  waste  disposal 
and  related  matters? 


"AECL  should  actively  seek  more  comment  and  discus- 
sion of  their  programs  than  they  have  in  recent  years. 
Their  program  documents  and  progress  reports  on 
waste  management  should  not  only  be  public  docu- 
ments but  they  should  be  sent  to  interested  groups  and 
individuals  in  an  active  search  for  comments."  Public 
symposia  on  waste  management  should  be  held  at  least 
once  each  year,  and  wide  public  consultation  is  strongly 
recommended. 
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The  UfTeii  Report 


Tlie  CJoinmission's  Oinclusioiis 


The  location  of  the  ultimate  disposal  facility  should  he 
based  on  extensive  testing  of  suitable  sites  in  Ontario.  A 
demonstration  site  "would  be  established  only  after  a 
battery  of  geologic,  seismologic  and  engineering  tests 
of  the  rock  formations  in  the  laboratory  and  the  field." 


We     endorse     comi)ietely     the     Hare     and     Uffen 
conclusions. 


Professor  Uffen  supports  the  Hare  conclusions  relating 
to  "dispo.sal  site"  research  and  development.  Regard- 
ing the  immobilization  of  spent  hiel  he  concludes: 
"Research  and  development  into  suitable  methods  of 
encapsulating  or  "fixing"  the  unreproces.sed  used  fuel 
bundles  should  be  undertaken  as  soon  as  possible  on  an 
urgent  basis." 


We  endorse  both  the  Hare  anti  the  Uffen  conclusions. 
During  the  cross-examination  of  the  .\ECL  panel  on 
this  topic,  we  were  assured  that  the  research  and  devel- 
opment programmes  on  spenl-fuel  management  and 
disposal  are  of  top  priority.  In  particular,  we  cone  hide 
that  these  programmes  should  be  given  far  higher  pri- 
ority than  the  research  relating  to  fuel  reprocessing  and 
advanced  (e.g.  thorimn)  fuel  c\cles. 


Professor  Uffen  supports  the  provisions  of  Bill  CJ-M, 
especially  where  they  relate  to  nuclear  waste  manage- 
ment and  the  a.ssociated  mandatory  public-  hearings.  He 
emphasizes  the  importance  of  establishing  a  Waste 
Management  Advi.sory  Council  which  would  report  to 
the  Minister  responsible  for  the  proposed  NCB.  (The 
NCb  would  supersede  the  AECB  under  Bill  C-14.) 


While  endorsing  fullv  the  conclusions  of  Ihirc  and 
Uffen,  wc  have  concerns  relating  to  the  respective  roles 
of  the  .\ECB  and  the  lv\B  which  have  not  been  ade- 
cjuatc^K'  defined,  in  connection  u  ith  the  ultimate  dis- 
posal of  spent  fuel.  Wc  endorse  the  concept  of  the  .\d- 
visorv  Council. 


"The  permanent  dispo.sal  site  should  be  owned  bv  the 
Canadian  Covermuent,  but  o|)erated  jointK  bv  agcn- 
ciesol  the  federal  and  provincial  govermuents." 


We  concur  with  the  Hare  and  Iffen  positions.  Ho\\- 
e\er.  we  ha\i"  concluded  th.il  the  total  costs  of  spent- 
fuel  management  —  as  well  as  r,iclioacti\e  waste  man- 
agement, in  general,  including  projected  decommis- 
sioning costs  —  should  be  reflected  in  electric  power 
atul  erier<'\-  rates. 


"Canada  should  also  explore  the  po.ssibilit  v  of  selling  its 
used  fuel  l)un(lles  to  nations  which  arc  willing  to  accept 
inlcrnational  remilations " 


W f  endorse  llic  I  ffcn  conclusion  and  belicnc^  th.it  a 
major  ellorl  sliould  bcdirci  tc-d  into  this  possilulitv . 


"The  fiascos  which  ha\e  developed  in  (  lanada  (  Madoc, 
Ontario)  .  .  .  might  have  been  avoided  if  clear  state- 
ments of  the  governments  policies  had  been  made  pub- 
licaiid  if  deliberate,  open,  public  information  programs 
had  been  launched  prior  to  initialing  site  m  aluations." 


We  strongl\  c-ndorsc  the  II, ire  .uul  Utfen  coiu  lusions. 
Our  Debate  Stage  Hearings  on  "Decision-M.ikin'j;  .md 
Public  Particip.ition  '  u  ill  be  held  in  l.mu.irv  1979. 
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sealed  and  would  constitute  a  permanent  con- 
tainer. The  remaining  containment  barriers  would 
he  essentially  geologic.  The  problems  of  site  selec- 
tion and  rock  properties  are  very  complex,  as  illus- 
trated by  the  following  list  of  technical  criteria 
identified  in  the  Uffen  Report:" 

•  the  rock  type  should  be  homogeneous  and 
massive; 

•  the  rock  formation  should  be  thick  enough  to 
ensure  isolation  (i.e.  in  the  order  of  100  metres); 

•  the  repository  should  be  deep  enough  to  with- 
stand externally  imposed  changes  (i.e.  greater  than 
300  metres  deep); 

•  the  rock  shoidd  he  free  of  joints,  fissures  and 
faults; 

•  the  thermal  diffusivity  of  the  rock  should  be 
great  enough  to  dissipate  the  heat  readily; 

•  the  thermal  expansion  of  the  rock  should  be 
uniform  and  free  of  incipient  weakness  due  to 
overheating; 

•  the  rock  should  not  be  susceptible  to  radiation 
induced,  structural  weakness; 

•  the  chemical  characteristics  of  the  rock  should 
not  he  conducive  to  corrosion  of  the  used  fuel 
containers; 

•  the  chemical  characteristics  should  favour 
chemical  containment  (i.e.  good  ion  exchange 
properties); 

•  the  permeability  of  the  rock  to  ground  water 
flow  should  he  minimal; 

•  the  site  should  be  remote  from  geological  struc- 
tures known  to  have  been  active  through  recent 
geologic  time; 

•  the  site  should  be  in  a  region  of  low  seismicity; 

•  the  site  should  be  free  of  abnormal  in  situ 
stresses  as  evidenced  by  rock  bursts; 

•  the  site  should  be  devoid  of  surface  waters  and 
remote  from  drainage  systems  leading  to  popu- 
lated areas; 

•  the  site  should  be  unlikely  to  be  of  potential 
value  for  future  mining; 

•  the  site  should  be  remote  from  human  activity 
such  as  mines,  boreholes,  major  excavation,  tunnels 
or  dams  (at  least  1 5  km,  has  been  suggested); 

•  the  site  should  l)e  suitable  for  hydro-geological 
monitoring  over  long  periods  of  time  (at  least  1000 
years); 


•  the  undergroimd  repository  should  be  de- 
signed to  withstand  ground  accelerations  due  to 
regional  seismic  activity,  and  isostatic  adjustment; 

•  the  repository  should  be  designed  to  withstand 
flooding,  sea-level  changes,  permafrost  and  erosion 
accompanying  climatic  changes; 

•  the  repository  shoidd  be  capable  of  being  back- 
filled and  sealed  off  permanently. 

Canada  s  Geologic  Research  Programme 

AECL's  high-level  radioactive  waste  disposal  re- 
search is  being  undertaken  in  co-operation  with 
the  Geological  Survey  of  Canada.  The  basic  guide- 
lines are: 

•  the  rock  should  have  low  economic  value  and 
not  be  close  to  other  formations  with  actual  or  po- 
tential economic  value; 

•  the  formation  should  be  large  enough  to  ac- 
conuiiodate  a  buffer  zone  of  significant  size; 

•  the  formation  should  have  high  integrity  with  a 
minimum  of  cracks,  faults  and  joints; 

•  the  formation  should  be  in  a  zone  of  low  .seismic 
activity; 

•  the  formation  shoidd  be  such  that  the  wastes 
will  be  isolated  from  moving  ground  water. 

The  major  technical  questions  facing  Canada 
and  other  countries  include  determination  of  the 
best  type  of  rock,  packing,  and  container,  as  well  as 
the  optimiun  depth  for  the  waste  emplacement. 
Fortunately,  major  research  programmes  aimed  at 
these  problems  have  been  initiated  by  several 
coimtries.  In  Canada,  and  especiallv  Ontario,  there 
has  recently  been  a  formal  commitment,  on  the 
part  of  governments  and  the  nuclear  industry,  to 
deal  with  waste  management  and  ultimate 
disposal.'' 

Rock  types  currently  under  consideration  for 
use  as  a  waste  depository  are  rock  .salt,  hard  rocks 
such  as  granite,  and  tufaceous  rocks  such  as  basalt, 
peridotite  and  limestone.  Rock  salt  appears  to  be 
the  preferred  medium  in  the  United  States  and 
West  Germany.  Salt  is  a  good  conductor  of  heat, 
and  its  plastic  characteristics  enable  it  to  flow  and 
.seal  any  cracks  or  man-made  penetrations  which 
may  take  place  in  the  depository.  The  very  exis- 
tence of  rock  salt  implies  that  it  has  remained  inac- 
cessible to  water  for  millions  of  years.  However, 
salt  has  a  low  sorption  capacity,  and  would  dissolve 
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easily  if  water  somehow  enlered  ihe  repository. 
The  theory  has  also  been  put  forward  that  the  heat 
generated  by  the  radioactive  wastes  might  cause 
the  material  to  sink  downward  through  the  salt, 
possibly  entering  the  water  flow  which  surrounds 
all  salt  domes.  In  addition,  salt  is  often  an  indicator 
of  the  presence  of  other  useful  minerals,  which 
might  become  yaluable  in  the  future,  and  therefore 
might  result  in  mining  activity  which  could  disturb 
or  penetrate  the  depository  at  soFiie  future  time. 

Granite  plutons  are  currently  the  favoured  dis- 
posal medium  in  Canada.  A  pliiton  is  a  small,  igne- 
ous, usually  homogeneous  geological  protnision 
which  can  be  found  in  inanv  locations  throughout 
the  Canadian  Shield  'see  Figure  6-4'.  These  forma- 
tions contain  little  or  no  circulating  ground  water, 
have  no  known  mineral  value,  and  have  remained 
stable,  exhibiting  few  joints  or  fractures  since  they 
were  formed  over  two  billion  years  ago.  C^ranite  is, 
however,  a  brittle  rock.  At  present  we  possess  inad- 
e(|uate  knowledge  to  ensure  the  integrity  of  the 
rock  at  the  comparatively  high  temperatures  gen- 
erated by  the  radioactive  waste  materials,  or  imder 
pressures  from  deep  drilling  and  constniction  of 
the  depository  itself. 

Rocks  which  were  formed  during  volcanic  ash- 
falls  are  called  tufaceous  rocks.  Basalt  is  one  such 
rock.  Where  the  volcanoes  have  been  active  for 
long  periods  of  t  line  —  hundreds  of  millions  of  years 
—  as  in  British  Cohunbia  anti  the  Yukon,  and  per- 
haps the  Canadian  Shield,  the  rocks  are  highly 
crystalline,  and  have  an  excellent  ion  exchange 
capacity.  Water  entering  such  a  depository  would 
be  unlikely  to  carry  radioactive  wastes  to  the  sur- 
face. However,  much  more  research  is  needed. 
The  effect  of  intense  heat  o\  er  long  periods  of  time 
on  the  host  rock  is  largeb  unknown.  It  has  been 
suggested  that  faults  may  occur  in  the  rock,  or  that 
the  rock  may  experience  "thermal  fatigue".  Un- 
foreseen chemical  reactions  might  also  ocoir 
which  would  adect  the  containment  of  the  wastes 
in  the  depository. 

The  materials  used  as  packing  and/or  bac  kfill 
for  a  deep  repository  could  enhance  the  chanu - 
teristics  of  the  host  rock  fa\()urabie  to  loni;  term 
containment.  For  example,  iientonite  clay,  which 
is  formed  from  the  decomposition  of  volcanic-  ash, 
has  a  higli  sor|ition  capacil\and  good  ion  exchant;e 


properties.  Shale  has  similar  characteristics.  Fur- 
thermore, a  mixture  of  (juartz  sand  and  bentonite, 
which  is  being  considered  bv  the  Swedish  nuclear 
industry  because  of  its  low  permeabilit)',  seems  to 
be  a  good  prospect.  Magnesium  oxide  has  also  been 
suggested  because,  in  the  presence  of  water,  mag- 
nesium hydroxide  is  formed  and  would  fill  the 
space  and  prevent  water  from  reaching  the 
container. 

The  container  surrounding  the  spent  fuel  or 
other  highly  radioactive  uaste  is  \'er\  impf)rtant  in 
that  it  provides  the  first  barrier  to  the  release  of 
radioactivity  to  the  biosphere.  The  container  must 
be  exceptionally  strong  (i.e.  able  to  withstand  an 
earth(|uake  or  the  internal  buildup  of  gases',  and  it 
must  be  non-corrosive  and  non-leachable. 

.\t()mic  Energy  of  Canada  Limited  has  carried 
out  extensive  research  on  the  fi.xation  of  licjuid  ra- 
dioactive wastes  from  reprocessed  spent  fuel  in  a 
glass  matrix,  using  nepheline  s\enite  glass.  In  pre- 
liminary testing,  this  glass  has  indicated  very  low 
leaching  rates.  The  other  type  of  gla.ss  which  could 
be  used  is  borosilicate  glass.  However,  the  prob- 
lems of  producing  a  homogeneous,  unfractured 
glass  matrix  remain.  In  addition,  no  proce.ss  exists 
wliicli  woidcl  guarantee  that  the  volatile  radio-iso- 
to{5es  uould  not  escape  at  the  melt  in<4  temperature 
re(|uired  to  fuse  the  wastes  in  glass.  Once  the  mate- 
rial is  embedded  in  a  glass  matrix,  the  temperature 
must  not  be  allowed  to  ri.se  too  high,  since  higher 
temperatures  accelerate  the  r.ite  of  leachinsj  of 
glass.  Fusing  the  spent  fuel  in  base  metals  such  as 
lead  is  also  being  investigated  by  .\ECL  because  of 
the  low  corrodibilitv  of  the  material.  For  the  .s;ime 
reason,  the  Swedish  po\ser  industr\  is  proposinu 
the  use  of  canisters  made  of  titanium  and  lead. 

A  novel  process  has  been  cle\  eloped  in  Sweden 
by  ASE.\,  a  manufacturer  of  electrical  and  me- 
chanical ecjuipmenl.  The  methoti  uses  hot  isostatic 
pressing  to  proiluce  a  iiottle-like  container  w  hich. 
it  is  claimetl.  will  be  insoluble  and  non-corrodible 
for  a  period  of  one  million  \ears;  it  w  ill  I>e  stronger 
than  an\  existing  rock.  The  spent  fuel  bundles 
would  be  encapsulated  clirectK  in  these  Ixittles, 
\\  hich  could  be  made  from  either  aluminum  oxide 
or  copper. 

The  depth  of  buri.il  of  the  w.iste>;  is  another 
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major  question  which  remains  to  be  answered. 
Three  important  factors  are: 

•  water  flow:  water  flow  decreases  with  depth; 

•  permeability,  permeability  decreases  with 
depth,  and  cracks  tend  to  self-seal; 

•  ion  exchange:  there  is  greater  ion  exchange 
with  rocks  at  greater  depths,  reducing  the  chance 
of  water  carrying  radioactive  materials  to  environ- 
mental pathways. 

The  question  which  must  be  addressed,  there- 
fore, is  "how  deep  should  the  wastes  be  buried  to 
niiiximize  the  benefit  from  these  three  factors?" 
AECL  endorses  the  conclusion  of  the  Hare  report 
that  a  depth  of  1000  metres  is  probably  the  most 
appropriate.  At  about  800  to  1000  metres  the  pre.s- 
sures  would  be  sufficient  to  create  an  essentially 
homogeneous  rock  formation.  At  depths  approach- 
ing 2000  metres,  however,  the  problems  of  exces- 
sive heat  will  be  encountered;  at  these  depths,  the 
temperature  would  he  approximately  15  C  above 
ambient  temperature.  In  addition,  there  may  be  a 
problem  of  rock  bursting.  Argimients  have  been 
made  both  for  deeper  (from  2  km  to  20  km)  and 
shallower  (300  metres)  burial,  on  grounds  respec- 
tively of  safety  and  economics.  Clearly,  at  present, 
knowledge  is  inadecjuate  to  make  the  optimum 
decision,  but  studies  are  continuing. 

Social,  Environmental  and  Economic  Criteria 

Dr.  Uffen  noted  in  his  study  that  "The  evaluation  of 
social,  geographic  and  economic  criteria  is  not  so 
well  documented,  despite  the  fact  that  these  may 
be  the  crucial  criteria."  He  lists  the  following  crite- 
ria, which  we  agree  with,  for  consideration  in  site 
selection: 

The  site  shoidd: 

•  be  remote  from  densely  populated  areas; 

•  be  compatible  with  present  or  future  develop- 
ment of  agricidture,  forest  products,  himting,  fish- 
ing, quarries  or  sand  pits; 

•  be  compatible  with  water  reservoirs,  parks  and 
recreational  areas; 

•  respect  legitimate  local  interests  .such  as  native 
rights,  cottage  owners  and  tourist  resorts; 

•  be  accessible  by  road  and  railway  for  heavily 
loaded  vehicles; 

•  be  capable  of  adequate  security  against  tres- 
passers, saboteurs  or  terrorists; 


•  have  suitable  land  for  employees'  accommoda- 
tion in  a  camp  or  small  village; 

•  be  suitable  for  the  establishment  of  a  process- 
ing plant  for  the  "fixation"  (immobilization)  of  the 
used  fuel  bundles; 

•  be  in  Ontario,  preferably  on  Crown  land,  in  a 
region  where  local  opposition  would  be  minimal; 

•  conform  to  all  provincial,  federal  and  applica- 
ble international  regulations  established  bv  law; 

•  be  owned  by  the  federal  government  but  oper- 
ated jointly  by  agencies  of  the  provincial  and  fed- 
eral governments; 

•  be  paid  for  by  the  major  users,  i.e.  the  electric 
utilities  (e.g.  Ontario  Hydro). 

Retricvability 

Earlier  in  this  section  we  raised  the  question  of  the 
retricvability  of  spent  fuel.  If  .solar  energy  and 
other  alternatives  such  as  fusion  energy  do  not  live 
up  to  present  expectations,  within  the  next  fifty 
years  a  situation  may  develop  in  Ontario  in  which 
the  reprocessing  of  CANDU  spent  fuel  might  be 
economic  and  desirable.  Hence  the  dilemma:  on 
the  one  hand  effective  ultimate  spent  fuel  disposal 
is  environmentally  optimum,  but  on  the  other 
hand,  if  future  generations  need  the  energy  availa- 
ble in  the  spent  fuel,  the  retrievable  option  is 
clearly  preferable.  We  believe  that  research 
should  be  pursued  vigorously  bearing  both  options 
in  mind. 

Conclusions 

Our  general  conclusions  (as  well  as  those  of  the 
Hare  and  Uffen  Reports)  relating  to  radioactive 
waste  management  in  general,  and  to  ultimate 
waste  disposal  in  particular,  are  given  in  Table  6-6. 
Notwithstanding  the  level  of  optimism  dis- 
cernible in  virtually  all  major  reports  relating  to 
the  disposal  of  spent  fuel,  we  have  .several  reser- 
vations. For  the  most  part  these  relate  to  .social  and 
ethical  concerns.  For  instance  —  where  will  dis- 
posal sites  be  located  in  the  province?  —  will  they 
be  acceptable,  on  health,  environmental  and  ethi- 
cal grounds,  to  people  living  in  the  vicinity?  We 
are  aware,  of  course,  of  the  ongoing  research  pro- 
granuiie  in  which  .^ECL  and  the  Geological  Sur- 
vey of  Canada  are  collaborating  in  the  identifica- 
tion of  suitable  disposal  sites  in  Ontario.  But  we  are 
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concerned  that  an  effective  public  educational 
progranuiie  is  not  being  undertaken,  and  that  infor- 
mation relating  to  the  search  for  a  suitable  site,  and 
the  procedures  lieing  adopted,  is  not  l)eing  pub- 
lished sufficiently  widely.  (The  uranium  refinery 
tailings  problems  at  Port  Hope  will  probably  re- 
main in  people's  memory  for  many  years.)  The  first 
step  must  surely  be  to  obtain  the  confidence  of  the 
public  through  full  disclosure  of  all  relevant  infor- 
mation. The  importance  of  this  cannot  be 
overemphasized. 

In  spite  of  the  high  level  of  confidence  in  the 
feasibility  of  the  geologic  disposal  of  spent  fuel, 
expressed  in  the  major  reports  referred  to  above, 
recently  there  have  been  more  cautious  appraisals 
of  the  problem.  In  particular,  a  group  of  United 
States  Geological  Survey  geologists  and,  indepen- 
dently, a  panel  of  eminent  earth  scientists  have 
concluded  that,  at  present,  there  is  an  inadequate 
scientific  basis  upon  which  to  biu'ld  the  technology 
of  high-level  radioactive  waste  disposal.  The 
panel,  which  reported  to  the  United  States  En- 
vironmental Protection  Agency,  stated:  "■ 

We  are  surprised  and  tlisinavcd  lo  discover  how 
few  relevant  data  are  available  on  most  of  the 
candidate  rock  types  even  30  years  after  wastes 
began  to  accniniilate  from  vvea|)ons  develop- 
nient.  These  rocks  include  granite  types,  basalts, 
and  shales.  Furthermore,  we  are  only  just  now 
Icarniiigalioiit  the  prohliMii  of  water  in  salt  liecls, 
and  the  iiectl  lor  careful  measurement  of  water 
in  salt  domes. 

This  expert  opinion  suggests  that  in  the  United 
States,  there  is  urgent  nee<l  for  basic  scientific  re- 
search in  the  field  rather  than  a  plethora  of  paj^er 
studies.  However,  the  extent  to  which  the  same 
criticism  applies  to  Canadian  work  is  problemati- 
cal. Indeed,  some  fiekl  investigations  are  alreacK  in 
hand.  Furthermore,  because  of  the  highb  stable 
nature  of  the  plutons  in  the  Precambrian  Shield,  it 
is  possible  that  Canada  is  in  a  stronger  position  than 
the  I'niled  States  lo  handle  high-level  radioacti\e 
wastes. 

As  in  the  case  of  the  en\  ironmental  problems 
as.sociated  with  uranium  mill  tailings,  we  have  con- 
cluded that  an  independent  panel  of  internation- 
ally recogni/,ed  geologists  and  geoplusitists.  re- 
porting lo  the  AF.CB,  should  review  progress  in  the 


spent  fuel  disposal  research  and  development  field, 
and  should  report  at  abtnit  two  or  three  year  inter- 
vals. (Note  that  this  panel  corresponds  to  the  Uffen 
"Advisory  Coimcil  '  —  see  Table  6-6.)  The  whole 
nuclear  programme  should  be  reassessed  in  the 
light  of  the  panel's  evaluation.  Should  Canada  take 
a  leaf  out  of  Sweden's  book? 

•  In  April,  1977,  the  Swedish  Parliament  pa.ssed 
a  law  which  stated,  in  effect,  that  no  new  nuclear 
power  units  could  be  put  into  operation  unless  the 
owner  could  prove  that  the  waste  disposal  prob- 
lem had  been  solved  in  a  completely  safe  wav. 

We  believe  that  the  present  is  not  an  appropri- 
ate time  to  follow  Sweden's  lead  (note  that  Sweden 
is  better  endowed  with  hydroelectric  facilities  and 
potential  than  Ontario).  Nevertheless,  if  the  "panel 
of  independent  experts"  expresses  dissatisfaction 
with  the  progress  in  spent  fuel  disposal  research 
and  development  made,  say,  by  1985.  a  morato- 
rium on  new  nuclear  constniction  might  be 
justified. 

Reactor  Dccoinmissioniiig 

It  is  anticipated  that  the  economic  lifetime  of  a 
nuclear  reactor  will  be  between  thirty  and  forty 
years.  What  happens  then?  Because  various  com- 
ponents of  the  reactor,  especialK  in  the  core,  will 
remain  liighK  radioactive  for  several  years,  special 
steps  must  be  taken.  The  first  of  these  is  to  remo\  e 
the  spent  fuel  from  the  core,  the  spent  fuel  in  the 
storage  ba\s,  and  the  hea\\  water  from  the  calan- 
dria  and  the  cooling  circuits.  The  radioactive  in- 
ventory remaining  is  aliout  10  curies;  subse- 
(juently  three  options  are  open: 

•  mothhdUin'^:  this  invokes  Iea\  ing  the  cont.nn- 
ment  and  loolingsv  stems  intact  after  the  final  shut- 
down, and  keeping  the  building  under  surveillance 
lor  at  least  fifty  years; 

•  I'ncdscmciit:  all  reiidiU  remo\able  parts  ami 
components  u  hich  remain  radioacti\  e  longer  than 
the  projected  life  of  the  enca.sement  stnicture  are 
tlism.uilled  and  remo\ed.  The  remaining  radiixic- 
li\e  components  are  sealetl  w  ithin  the  encasement 
structure.  Monitoring  for  possible  radiixicti\e 
leaks  wtiuld  be  re(|uired  for  manv  years; 

•  tti.wuintlin'^diul  rrmoiiil:  .dl  radio;ictive  m.ite- 
ri;d  wouki  be  removetl  from  the  site  .md  buried. 
I«uge  components  such  as  the  calandria  would  Ix- 
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cut  into  convenient  sizes.  All  handling,  cutting, 
compressing,  etc.  processes  would  he  handled 
remotely.  The  resulting  radioactive  waste  material 
would  he  treated  as  high-level  wastes  and  depos- 
ited in  the  ultimate  waste  disposal  facility. 

Some  experience  has  already  heen  ohtained  hy 
hoth  AECL  and  Ontario  Hydro  in  the  handling  and 
removal  of  highly  radioactive  components  such  as 


pressure  luhes  and  calandria  tuhes.  Furthermore, 
AECL  has  removed  the  cores  of  the  NRX  and  NRU 
reactors.  The  cost  of  decommissioning  and  disman- 
tling will  ohviously  increase  with  the  capacity  of 
the  nuclear  plant.  It  is  clear,  also,  that  the  decom- 
missioning of  a  plant  should  he  taken  into  account 
hy  designing  reactors  with  this  long  term  prohlem 
in  mind. 


Chapter  Seven 

The  Economics 

of 
Nuclear  Power 


W 


ITH  assets  of  $11.4  bil- 
lion, Ontario  Hydro  is  second  in  size  only  to  the 
Tennessee  Valley  Authority  among  North  Ameri- 
can electric  utilities  and  to  the  major  Canadian 
banks  among  Canadian  corporations.  It  is  a  grow- 
ing electric  power  system,  with  capital  expendi- 
tures on  new  facilities  amounting  to  $1.4  billion  in 
1977.  Ontario  Hydro's  operating  budget  for  the 
year  1977  is  also  impressive,  with  expenditures  to- 
talling over  $1.65  billion  —  more  than  $2(X)  for  ev- 
ery man,  woman  and  child  in  Ontario.  .\11  these 
expenditures  are  related  directly  or  indirecth'  to 
decisions  on  the  expansion  programme.  Just  under 
40  per  cent  of  the  operating  budget  represents 
"fixed  "  charges  (depreciation  and  interest\  result- 
ing from  past  capital  expenditure  decisions,  \\  ith 
most  of  the  remainder  being  the  costs  of  operating 
the  system  (for  example,  operation,  maintenance, 
administration  and  fuel  costsl 

A  portion  ol  revenue  from  present  eustomers  is 
u.sed  directly  for  expansion  of  the  power  svstem. 
But  most  —  80  to  85  per  cent  —  of  the  capital  con- 
struction progranune  is  financed  through  the  capi- 
tal markets.  Net  new  long-term  debt  issued  for 


Ontario  Hydro  in  1977  amounted  to  $1.1  billion. 
This  will  be  recovered  through  future  operating 
budgets  when  the  additional  facilities  begin  ser- 
vice. Most  people  have  difficulty  relating  lo  billion 
dollar  sums,  but  this  tremendous  investment  nev- 
ertheless comes  about  l)ecause  of  individual  deci- 
sions made  by  each  one  of  us  as  power  consumers  in 
this  province.  For  example,  taking  into  account  the 
cost  of  new  generating  facilities  as  well  as  transmis- 
sion, distribution,  and  back-up  capacity,  the  inno- 
cent purchaser  of  a  $29.95,  1000-walt  electric 
space  heater  causes  Ontario  H\dro  to  maintain  an 
investment  of  as  much  as  $1200  to  supply  that  sin- 
gle appliance!' 

We  deal  in  this  Chapter  with  some  aspects  of 
the  economics  of  the  future  electric  system,  and 
the  role  of  nuclear  power  within  that  .system.  The 
six  nuclear  plants  and  three  heavy  water  plants 
operating,  or  under  construction,  represent  a  major 
proportion  of  the  current  investment  programme. 
Capital  expenditures  foreseen  for  the  future  sys- 
tem expansion  programme  are  illustrated  in  Table 
7-1  which  shows  the  vear-by-year  expenditure  for 
the  LRF  48.\  generation  plan  (see  Chapter  .3'  esti- 
mated in  1977.  .\bout  45  per  cent  of  this  total  ex- 
penditure is  on  already  approved  projects,  u  ith 
the  rest  for  the  proposed  "post-Darlington  pro- 
gramme ".  The  nuclear  component  represents  al- 
most $24  billion  of  the  $30  billion  ten-year  capital 
expansion  programme." 

Choice  of  the  future  generating  mix  is  partly 
based  on  the  comparative  economics  of  available 
technologies.  Because  of  the  imi(|uel\'  long  lead 
times  associated  with  large  generating  stations  up 
to  8' :  vears  for  design  and  constniction  alone.  wUh 
further  time  for  planning  and  site  choice  .  eco- 
nomic comparisons  of  generating  technologies  re- 
(|uire  estimates  of  construction  costs  some  ten 
\ears  into  the  future.  \\  ith  estimates  of  operatiuii 
costs  for  an  additional  lhirt\  \  e.irs  be\  ond  that.  \\- 
though  the  judgement  of  experts  in  these  matters  is 
invaluable,  all  future  costs,  particularlv  those 
be\ ond  a  ten  vear  time  horizon,  are  unknown  .md 
high  levels  of  uncerlaint\  remain.  Moreo\er,  all 
(lueslions  c-.iiinol  be  reihued  to  doll.ir  terms  and 
narrow  1\  tiraun  notions  of  economic  c-ost  shouKl 
not  be  the  tiecitling  inlluence  in  (he  ilebate. 

.\s  a  consultant  condiuting  a  (.tist  i-omjwrison 
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Table  7.1  Ontario  Hydro  Forecasts  of  Capital  Expenditures,  by  Type  of 
Generation,  1977-1986 


1977   1978   1979    1980    1981    1982   1983    198-1   1985   1986   Total 


21 

19 

22 

23 

24 

27 

29 

31 

34 

37 

267 

159 

176 

382 

474 

489 

481 

396 

342 

442 

643 

3,984 

634 

723 

888 

1,244 

2.846 

2,113 

2,431 

2,704 

2.929 

3,239 

18.507 

Millions  of  dollars 

Hydraulic- 
Fossil 
Nuclear ' 

Total  8 !  4  9 1 S       !  .292       1 ,74 1       3,359       2.62 1       2.856       3.077      3.405      3,9 1 9      22.758 

Heavy  water 

Transformation, 

transmission,  and 
distribution 

Communications,  retail, 
and  admiiustrative  and 
sei  V  it  e  tat.ilities 


313 

235 

249 

139 

93 

105 

41 

29 

5 

12 

1,221 

312 

340 

,307 

287 

348 

461 

603 

638 

594 

615 

4,505 

120 

130 

144 

156 

169 

180 

194 

208 

225 

240 

1,766 

Total 

1,559 

1,623       1,992 

2,323 

2,725 

3,367      3,694 

3,952 

4.229 

4.786 

30.250 

1    hull 

Ulfs 

heaw  w.itr 

r  iiu( 

■nt(>i\. 

SOURCE 

Ont 

arui  H\'dro, 

Rr, 

ICll    til 

Sifslcnt  Exptlilsion 

iinti  Fmiinciiil  Pliins.  LRF  48A  (Apr 

il  1977). 
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of  nuclear  and  coal-generating  stations  stated  to  the 

Commission: 

After  you  have  taken  every  kind  of  extension 
you  could  possibly  think  of,  incorporated  every 
environmental  aspect  that  you  can  measure  . . . 
and  then  come  out  with  a  figure  that  showed  that 
coal  was  still  35  to  85  per  ( cut  more  expensive 
per  kilowatt  generated  than  nuclear,  then  the 
qualitative  question  is,  is  it  worth  it?  Does  soci- 
ety feel,  having  put  a  number  on  everything  that 
can  be  measured,  that  cheaper  electricity  for 
nuclear  [makes  it]  worth  having  nuclear 
around  . . .  The  role  of  the  economist  is  just  to 
point  out,  here  are  the  economic  costs  of  every- 
thing that  I  can  measure.  Now  it  is  up  to  society 
to  decide. ' 

First  however,  we  have  to  .see  where  the  tradi- 
tional cost  compari.sons  lead  us,  to  which  we  now 
turn. 

The  Comparative  Costs  of  Nuclear  Power 

Comparisons  of  the  relative  merits  of  alternative 
energy  technologies  are  best  conducted  on  a  full 
fuel  cycle  basis  —  from  exploration  and  mining 
through  to  ultimate  station  decommissioning  and 
waste  disposal.  The  nuclear  power  programme 
rec|uires  "front-end'  capital  expenditures  for  ex- 
ploration, opening  uranium  mines,  milling  and 
fuel  fabrication.  The  heavy  water  programme  re- 
quires particularly  significant  capital  commit- 
ments. Of  the  $.30  billion  forecast  expenditiues 
between  1977  and  1986  in  the  LRF  48A  plan,  over 
$1.2  billion  was  for  heavy  water  plants  and  over 
$4.5  billion  for  heaw  water  inventorv.  Invest- 
ments at  the  "back-end"  of  the  nuclear  fuel  cycle 
must  al-so  be  made  for  spent  fuel  management,  irre- 
spective of  the  extent  of  the  fiiture  nuclear  pro- 
gramme. It  has  been  estimated  that  a  spent  fuel 
management  programme  could  cost  $6(H)  million 
over  fifteen  years.  Preliminarv  estimates  by  AECL 
suggest  that  a  progrannne  to  demonstrate  both  fuel 
recycling  and  spent  lucl  management  would  re- 
quire up  to  $2  billion  (1976$)  to  the  end  of  the 
century.' 

However,  a  coal-bast'd  power  programme  has 
major  front-end  costs  also.  For  exanqile,  the  capital 
costs  involved  for  transportation  alone  in  bringing 
western  Canadian  coal  to  Ontario  Ihdro's  power 
stations  are  estimated  at  •$•122  million,  of  which 


Ontario  Hydro's  share  for  railroad  and  coal  l)lend- 
ingefjuipment  is  $79  million. ' 

The  Commission  has  not,  to  date,  received  a 
complete  accounting  of  these  front-  and  back-end 
costs  but  we  expect  to  obtain  more  information 
about  them  during  our  "total  systems"  hearings 
scheduled  for  October  1978. 

We  concentrate  in  this  report  on  the  costs  of 
generating  stations,  with  capital  costs  of  other  por- 
tions of  the  fuel  cycle  considered  only  as  they  affect 
a  single  station.  In  discussing  potential  additions  to 
Ontario  Hydro  s  system  we  will  deal,  as  much  as 
possible,  with  "marginal"  costs  (costs  of  adding  one 
more  unit  of  generating  capacity  or  of  producing 
one  more  imit  of  electric  energy). 

Of  the  technological  alternatives  in  prospect 
for  the  late  198()s  and  1990s,  CANDU-nuclear  and 
coal  are  the  major  realistic  options  for  large-scale 
generation  of  electricit\'  in  Ontario,  .\ssuming  that 
an  acceptable  means  will  be  found  to  dispose  of 
spent  fuel,  both  can  be  considered  proven  techno- 
logies with  costs  that  can  be  projected  from  past 
experience.  As  noted  earlier.  Ontario  Hydro  pro- 
po.ses  a  2:1  nuclear-coal  mix  with  nuclear  used  for 
ba.se  load  purposes  and  coal  for  intermediate  load: 
however,  different  proportions  are  technically 
possible.  Therefore,  the  assessment  of  the  relative 
economics  of  coal  and  nuclear  generating  stations 
fordifferingmodesofoperation  is  highly  relevant. 

The  costs  of  generating  electric  power  divide 
naturally  into  capital  or  "fixed"  costs,  and  "varia- 
ble (operations,  maintenance  and  fuel'  costs. 
These  costs  are  affected  differently  by  the  level  of 
plant  output.  Because  fixed  costs  must  be  recov- 
ered over  the  lifetime  of  the  plant,  lower  energy 
output  means  reco\er\  of  the  same  c-ost  over  a 
smaller  output,  and  hence  a  higher  cost  per  unit  of 
electricitv.  Fuel  costs.  In  contnist,  vary  w  ith  level 
of  operation  and  are  consecjuentK  less  per  unit 
with  lower  output.  Generating  stations  \sith  high 
capital  costs  and  low  fuelling  costs  will  therefore 
be  most  economic  at  high  capacit\  factors,  and 
those  with  low  capital  cost  and  hii^h  fuelling  cost  at 
low  capacity  factors.  This  is  well  illustrated  by  the 
following  fretiuenlK  cited  comparison.  In  the  late 
60s  and  early  7t)s  Ontario  Ihdro  brought  intoojx'r- 
aliiMilwo  t  X  .TtHlMW"  unit  stations  -  Pickering  .\. 
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Table  7.2  Comparison  of  Total  Unit  Energy  Costs  in  a  Coal  and  a  Nuclear 
Generating  Station' 


Cost 
Component 

Capital 

Fuelling 

Operation  and  maintenance 

Heavy  water  upkeep 


Total  unit  energy  cost 


Pickering  A:  nuclear 
(1976mills/k\vh) 


4.4 

1.2 

1.8 

0.3 

7.7 


Lanibton:  coal 


1.6 


10.8- 
1.0 


13.4 


Table  7.3  Comparative  Costs'  of  Generating  Electricity,  Fossil,  Hydro,  and 
Nuclear  Technology,  1976 


Generat 

ion  cost 

Transmission  and 
distribution  cost- 

Fuel  cost 

Total  cost 

($/kVV 
installed) 

(Mills/ 
kWh) 

($/k\V 
installed  i 

(Mills/ 
kWh) 

($/unit) 

(Mills/ 
kWh) 

($/kW 
installed) 

(Mills/ 
kVVhl 

James  Bay 
hydroelectric 

691 

12.47 

560 

11.02 

— 

— 

1251 

23.49 

t;ull  Island 
hydroelectric 

412 

7.94 

746 

1.5.69 

- 

- 

11.58 

23.63 

Nuclear* 

739 

14.17 

332 

6,11 

$110/kgU 

3.55 

1071 

23.83 

Coal-fired 

37.5 

7.19 

332 

6.11 

$35/ tonne 

12.00 

707 

25..30 

Oil-fired 

308 

5.90 

332 

6.11 

$n.85/bbl 

16.93 

604 

28.94 

Gas-fired 

308 

5.90 

332 

6.11 

$1.50/nicf 

13.. 50 

640 

25.51 

I    Both  are  assumed  to  be  oper.ttint;  jt  ft?  per  lent  capacity.      2  Based  on  1976  stock  of  coal  at  the  station. 
SOLIRCE  Ontario  Hydro. 

1  Costs  include  interest  during  con.stni<  tioii. 

2  Delivered  costs  assume  Ontario  loads,  uiiil  si/cs  for  fossil  and  nuclear  plants  are  750  MW. 

3  Nuclear  capital  cost  assumes  $97  pel  kilogram  heavv  water;  nuclear  fuel  cost  includes  I  mill  per  kW'h  for  wiiste 

management,  increased  safely  and  environmental  measures,  and  R&D. 

SOURCE  H.  .Swain.  R.  Overend,  and  T.  .A.  Ledwell,  dtmuUun  licuvwabU-  Energy  Prcspcrls.  (Ott.iw.i    Kncri^v,  Mint's  .nui 
Resources,  Canada,  19781. 
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which  was  nuclear,  and  Lambton,  which  was  coal- 
fired.  If  each  had  been  operated  at  87  per  cent  of 
theoretical  capacity,  appropriate  for  base  load 
(and  the  rate  achieved  by  Pickering),  a  comparison 
of  total  unit  energy  costs  in  1976  would  have  fa- 
voured nuclear  generation  by  a  wide  margin  (see 
Table  7-2). 

On  the  other  hand,  at  a  capacity  factor  of  35  per 
cent,  appropriate  for  intermediate  load,  the  coal 
station  would  be  more  economic  than  the  nuclear. 
It  should  be  noted,  however,  that  the  Pickering  and 
Lambton  stations  were  conslnicted  during  a  pe- 
riod of  relatively  low  rates  of  increase  in  capital 
costs  and  brought  into  operation  in  a  time  of  rela- 
tively high  increase  in  fuel  costs.  The  cost  compari- 
son of  the  early  experience  with  the  two  stations  is 
therefore  exceptionally  favourable  to  the  nuclear 
station. 

A  similar  comparison  of  total  unit  energy  costs 
for  generating  stations  to  be  l)rought  into  service  in 
the  mid  to  late  1980s  would  likely  be  le.ss  fa- 
vourable to  nuclear  power  because  of  predicted 
higher  increases  in  capital  costs  and  a  slowing  in 
the  rate  of  increase  in  fuel  costs.  Indeed,  initially, 
the  total  annual  costs  per  unit  of  electricity  could 
be  about  the  same.  One  recent  analysis  by  Energy, 
Mines  and  Resources  Canada  of  the  relative  costs  of 
electricity  generation  for  plants  ordered  in  1976 
(Table  7-3)  indicates  comparable  costs  for  nuclear 
and  large-scale  hydraulic  electricity  delivered  to 
Ontario  loads,  and  higher  costs,  by  about  12  per 
cent,  for  fossil-fired  electricity.  (Nuclear,  specifi- 
cally, is  shown  to  have  a  6  per  cent  cost  advantage 
over  coal.)  However,  nuclear  and  hydraulic  tech- 
nologies, having  high  capital  costs  and  low  operat- 
ing costs,  are  less  susceptible  to  inflation  once  con- 
structed. Therefore,  one  would  also  expect  a  year- 
to-year  compari.son  of  total  unit  energy  costs  for 
nuclear  and  coal  stations,  ordered  today  for  mid 
1980s  in-service  dates,  to  be  increasingh-  fa- 
youral)le  to  nuclear,  because  costs  for  the  latter  are 
relatively  "inllalion-proof",  whereas  the  costs  of 
"coal  electricity"  would  tend  to  keep  pace  \\  ith 
increa.ses  in  the  price  of  coal. 

A  useful  supplement  to  a  total  unit  energy  cost 
analysis,  in  a  particular  year,  are  cost  comparisons 


for  generating  stations  on  a  "life-cycle"  basis.  Fig- 
ure 7-1  shows  Ontario  Hydro "s  life-cvcle  compari- 
son of  4  X  8.50  M\\  coal  and  nuclear  stations 
brought  into  service  in  the  late  1980s.  The  compar- 
ison assumes  base  load  operation  and  all  cash  flows 
are  discoimled  at  1 0  per  cent. 

Capital  costs,  which  appear  in  Figure  7-1  at 
zero  years  in-service,  can  be  seen  to  comprise  al- 
most 60  per  cent  of  the  lifetime  expenditure  for  a 
nuclear  station  as  compared  with  onlv  1.5  per  cent 
for  a  coal  station.  Discounted  cash  flow  curves  il- 
lustrate, in  a  dynamic  way.  the  effect  of  relative 
capital-intensity  on  the  lifetime  costs  of  the  two 
options.  Because  of  the  higher  capital  costs  of  the 
nuclear  station  its  cumulative  discounted  cash 
flows  are  higher  than  those  for  the  coal  station  in 
the  early  years.  However,  during  the  thirty-year 
assumed  operating  lifetime,  the  much  higher  coal 
fuelling  costs  cause  the  cumulati\'e  costs  of  the  coal 
station  to  "catch  up"  and  then  to  exceed  those  for 
the  nuclear  station.  The  crossover  occurs  after  nine 
years  and  the  cost  advantage  of  nuclear  power  oser 
its  lifetime  is  about  65  per  cent  at  a  capacity  factor 
of  77  per  cent.  This  analysis  is  based  on  certain 
assumptions  as  to  the  major  cost  components, 
which  we  will  consider  separateh'. 

The  Major  Cost  Components 

Capital  C7u/;gr.s 

Because  capital  costs  land  iissociated  interest 
charges)  comprise  the  majority  of  lifetime  expend- 
itures on  nuclear  stations,  the  factors  affecting  cap- 
ital cost  estimates  are  a  matter  of  key  contern  see 
Figure  7-2). 

Siting  decisions  can  substantialK  affect  the  c-ost 
of  nuclear  pou  er  plants.  Costs  varx  from  site  to  site 
due  to  differences  in  seismic  criteria,  the  natural 
and  physical  environment,  and  accessibility  of 
cooling  water  supplies  and  other  fat  ilities.  These 
diflferences  mav  be  substantial;  for  example,  it  ns  .is 
suggested  that  a  mo\e  to  seismic  /roue  2  co\iId  in- 
crease capital  costs  In  up  to  5  jx'r  cent."  The  c<in- 
struclion  of  several  units  on  a  single  site  can  reduc-e 
their  total  costs.  Ontario  Hvdro  uses  four-unit  motl- 
ules  the  savings  for  which,  over  single-unit  stations, 
have  been  estimated  at  15  per  cent.    The  utility 


108 
A  RACE  AGAINST  TIME 


Figure  7.1  Total  Annual  Costs  of  3400  MW  Coal  and  Nuclear  Generating  Plants, 
1969-1975 

Billions 
of  dollars 


15  20 

Years  in  service 


SOURCE  Onlario  Hydro  siibmission  to  RCEPP,  March  1978.  Exhibit  328-2.  p.7. 
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Figure  7.2  Changes  in  Projected  Capital  Costs  of  the  Bruce  A  Generating  Station, 
1969-1975 
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SOURCE     D.  C.  Anderson.  "Comparative  Eletlricul  Generation  Costs.  "  paper  presented  to  the  Sixteenth  Annual 
International  Conference  of  the  C:anadian  Nuclear  Association.  Toronto,  June  1976 
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Table  7.4  Forecasts  of  the  Escalation  of  Coal  and  Nuclear  Generating  Stations 
Capital  Costs 


Year 


Coal 


Nuclear 


GNP  Deflator 


(Index) 


(per  cent' 


(Index) 


(percent  2)     (Index)    (per  cent) 


1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987-2016 


100.0 

108.2 

117.9 

129.1 

139.5 

151.3 

162.7 

174.1 

18.5.4 

197.4 

210.3 

8.2 
9.0 
9.5 
8.0 
8.5 
7.5 
7.0 
6.5 
6.5 
6.5 
6.0 


100.0 
109.4 
118.7 
129.4 
141.0 
1.53.0 
165.3 
177.6 
190.1 
202.4 
214.6 


9.4 
8.5 
9.0 
9.0 
8.5 
8.0 
7.5 
7.0 
6.5 
6.0 
6.5 


1  Exclude.s  iiitert'st  (  h.irtie.s. 

2  Includes  one-lull  initi.il  tnel  ch.iri^e. 
SOURCE  Ba.sed  on  datd  from  Ontario  Hv<lro. 
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also  intends  lo  duplicate  stations  at  the  same  site,  as 
at  the  Pickering  and  Bruce  sites. 

In  general,  capital  costs  have  been  increasing 
because  of  escalation  in  design  and  construction 
costs  as  well  as  increases  in  interest  costs,  heavy 
water  costs,  costs  of  meeting  regulatory  and  en- 
vironmental recjuirements.  and  costs  of  ac(|uiring 
sites.  Cost  escalation  for  the  major  components 
(materials,  ecjuipment,  labour,  engineering,  and 
interest  charged  over  the  const  met  ion  period)  has 
been  unusuallv  high  over  the  past  few  years.  For 
example,  Pickering  B,  a  station  very  similar  to 
Pickering  A,  under  construction  on  the  same  site 
after  a  ten-year  interval,  is  expected  to  cost  almost 
three  times  as  much  as  Pickering  A  when  escala- 
tion is  included.  (In  constant  1976  dollars,  how- 
ever, the  later  station  is  projected  to  cost  $20  less 
per  kW,  reflecting  real  savings  in  engineering  de- 
sign and  common  facilities  costs.)'' 

Ontario  Hydros  current  estimates  of  generat- 
ing station  escalation  (based  on  a  representative 
"basket"  of  materials,  labour  etc.  but  excluding 
interest)  are  given  in  Table  7-4.  Because  the  rate  of 
increase  of  generating  station  costs  is  projected  to 
decrease  over  the  next  few  years,  both  the  coal  and 
nuclear  stations'  costs  are  expected  to  more  than 
double  by  1986.  The  1985  $/kW  costs  are  about 
$73()/k\\'  for  a  h\'pothetical  4  x  750  MW  coal 
station  as  compared  with  $l,500/kW  fora4  x  850 
nuclear  station  (Darlington).''  Ontario  Hydro's 
economists  suggest  that  capital  costs  of  the  nuclear 
stations  will  continue  to  increase  at  a  somewhat 
faster  rate  than  coal  stations  bevond  1987. 

Interest  during  construction  accounts  for  about 
one-(juarter  of  the  total  capital  cost  of  stations 
planned  for  in-service  dates  in  the  mid  1980s.  In- 
terest rates  have  been  high  recenth,  but  are  pre- 
dicted to  decrease  slightly  in  the  earlv  198()s. 

The  initial  heavy  water  charge  comprises  an 
additional  one-fifth  of  total  capital  costs  of  a 
CANDU  nuclear  station.  Production  jiroblems 
with  the  prototype  Bruce  heavy  water  plants,  to- 
gether with  unanticipated  cost  overnms,  resulted 
in  heavy  water  costs  contributing  more  than  pro- 
portionally to  the  increases  in  the  projected  cajjilal 
costs  of  the  Bruce  .\  nuclear  station  (see  Figure 
7-2).'" 

Bruce  Heavy  Water  Plant    ll\\"Pl\  came  into 


service  in  Jime  1973.  Bnice  HWPs  B  and  D  are 
expected  to  come  into  service  in  December  1979 
and  July  1981.  respectively.  The  expected  capital 
cost  of  the  three  plants  is  $1.7  billion.  Their  poten- 
tial annual  production  of  approximately  2'XKj  Mg 
DjO  could  supply  almost  2200  MW  of  nuclear  ca- 
pacity annually  if  850  MW  units  were  to  he 
installed. 

As  of  August  1978:  Bruce  II WP  B  is  more  than 
95  per  cent  complete  while  Bruce  II WP  D  is  over 
40  per  cent  complete.  The  demonstrated  capacity 
of  Bruce  HWP  A  is  100  kg/hour.  Operating  at  IW 
per  cent  capacity  the  annual  production  from  each 
plant  would  be  880  Mg  D^O.  .\ccording  to  Ontario 
Hydro's  estimates,  the  annual  dependable  suppK 
from  each  plant  is  550  Mg  DO.  the  expected  sup- 
ply is  640  Mg  D,0  and  the  "optimistic  supply  is 
700  Mg  D,0.  The  1976  and  1977  capacity  factors 
and  output  for  Bnice  HWP  .\  were  91  per  cent  and 
800  tonnes  and  74.5  per  cent  and  600  tonnes, 
respectively. 

The  demand  for  heav\  water  b\'  Ontario  H\  dro 
consists  of  central  inventorv  demand  for  reactors 
being  commissioned  and  make-up  demand  for 
losses  during  operation.  C^omrnissioning  require- 
ments per  MW  decrease  with  increasin<;  reactor 
size.  Inventory  reserve  of  3(K)  Mg  is  maintained  for 
the  Ontario  Hvdro  system.  The  annual  loss  durine 
operation  is  about  5  Mg/vear  for  each  nuclear  imit. 

In  1976.  when  Ontario  Ihdro  cancelled  Bnice 
HWPC  foreconom\  reasons,  this  utility  predicted 
that  a  tight  supply  situation  would  develop  within 
a  few  years.  I  lowever,  the  output  of  Bruce  H^\  P  .\ 
has  been  much  higher  than  expected,  the  actual 
heavy  water  losses  of  nuclear  units  in  operation 
have  been  lower  than  expected,  export  siiles  of 
C.VNDU  reactors  ha%e  not  materialized,  and  the 
in-ser\'ice  dates  of  some  of  Ontario  Ihdro  s  pro- 
jected nuclear  stations  have  been  deferred.  The 
heaw  water  shortfall  originally  anticipated  \\ill 
probabh  become. I  surplus. 

Bruce  H\\  Ps  .\,  B.uul  Dcouldsupph  a  nuclear 
programme  of  almost  .50.(X)0  MW  b\  the  year 
2(HH).  Bruce  HWPs  A  and  B  touether  could  supply 
a  30,000  MW  nuclear  programme.  Bnice  D  ap- 
pears to  be  superfluous  to  Ontario  Ihdro  s  prolvi- 
ble  recjuirements. 

Ontario  Ihdros  capital  cost  estimates  ;uv,simie 
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no  further  major  design  changes  due  to  regulatory 
requirements.  It  is  likely,  however,  that  a  more  rig- 
orous regulatory  environment  would  have  a  rela- 
tively larger  impact  on  coal  station  costs  than  on 
nuclear,  because  nuclear  stations  are  now  designed 
to  limit  radioactive  releases  to  an  "as  low  as  reason- 
ably achievable"  standard,  whereas  coal  stations 
do  not  as  yet  incorporate  all  technically  feasible  air 
emission  controls.  For  example,  a  decision  by  the 
Ontario  Government  to  recjuire  the  use  of  flue  gas 
desulphurization  ecjuipment  or  "scnibbers"  to 
reduce  sulphur  emissions  from  coal-fired  power 
plants,  as  proposed  by  some  participants  in  our 
hearings,  could  increase  the  capital  costs  of  such 
stations  by  up  to  25  per  cent."  Therefore,  despite 
the  probable  continuing  upward  pressures  on  nu- 
clear plant  costs,  we  believe  that  these  costs  when 
compared  with  coal  plant  costs  will  not  signifi- 
cantly affect  the  lifetime  cost  comparison. 

Opcnitiui^  Costs 

Associated  with  the  ongoing  operation  of  a  nuclear 
station  are  operations  and  maintenance  (O&M), 
heavy  water  upkeep,''  and  fuelling  costs.  With 
heavy  water  up  keep  included,  06cM  costs  for  850 
MW  nuclear  stations  are  estimated  by  Ontario 
Hydro  as  almost  40  per  cent  higher  than  for  coal 
stations  of  the  same  size.  In  at  least  one  respect, 
future  nuclear  06f  M  costs  may  turn  out  to  be  lui- 
derestimated,  since  it  is  probable  that  additional 
security  requirements  will  become  neces.sary. 
O&M  costs  can  also  be  affected  by  unexpected 
maintenance  or  repair  procedures.  An  example  is 
the  retubing  required  for  units  3  and  4  of  Pickering 
A.  Partial  retubing,  because  of  this  condition,  may 
be  necessary  for  units  1  and  2  of  Pickering  A,  and 
for  three  similarly  designed  units  of  Bruce  A.  This 
work  would  require  reactor  shutdowns  from  six 
months  to  one  year.  This  particular  problem  is  not 
expected  to  recur  in  subsequent  nuclear  stations. 

The  costs  of  both  coal  and  uraniiun  fuel  are 
dependent  on  world  prices,  on  Ontario  Hydro's 
success  in  using  its  considerable  l)uying  leverage  to 
negotiate  better  than  world  prices  for  its  fuel  sup- 
plies, and  on  the  uranium  and  coal  policies  of  both 
the  federal  and  provincial  governments. 

Uranium  availability  and  prices  will  he  dis- 
cussed in  more  detail  in  Chapter  9.  World  spot 


uranium  prices  have  risen  by  af)out  a  factor  of  ten 
since  1973.  Fortunately,  through  forward  con- 
tracts, Ontario  Hydro  has  been  able  to  keep  its  ura- 
nium cost  increases,  during  the  past  four  years,  to 
approximately  1 1  per  cent  per  annum.  Some  ex- 
pert opinion  foresees  tight  but  adecjuate  supplies 
of  uranium  and  little  or  no  price  increase  in  real 
terms  (i.e.  fluctuation  around  $130/kg  U  in  1978 
dollars).  Others,  including  a  consultant  to  Ontario 
Hydro,  foresee  a  continuing  upward  price  trend, 
though  at  more  moderate  rates  than  recently  expe- 
rienced. Contracts  signed  with  Denison  and  Pres- 
ton Mines  assure  Ontario  Hydro  of  more  than  suf- 
ficient uranium  for  the  thirty-year  operation  of 
existing  and  committed  reactors. 

Coal  prices  paid  by  Ontario  Hydro  have  also 
leaped  dramatically,  virtually  tripling  in  the  five- 
vear  period  since  1972  from  $13/tonne  to  $38/ 
tonne.  Future  upward  price  pressure  on  coal  could 
result  from  les.s-than-expected  productivity  gains 
in  eastern  U.S.  mines  or  success  on  the  part  of  the 
Alberta  government  in  pushing  coal  prices  to  par- 
ity with  crude  oil  prices. 

The  life-cycle  coal-nuclear  comparison  dis- 
cussed previously  is  based  on  the  use  of  U.S.  coal. 
Because  of  transportation  costs,  coal  from  Western 
Canada  is  40  to  50  per  cent  more  expensive  than 
U.S.  coal.'^  Clearly,  a  nuclear  station's  lifetime 
computed  cost  advantage  would  be  increased  if  the 
higher  costs  of  western  coals  were  a.ssumed  in  the 
analysis  or,  indeed,  if  the  capital  costs  (of  a  coal 
station)  reflected  the  additional  costs  of  specially 
designed  boilers  to  burn  the  high  ash  western  coals. 
The  comparison  is  also  based  on  Ontario  Hydro's 
current  economic  forecasting  ".series"  in  which 
uranium  costs  escalate  at  twice  the  rate  of  coal 
costs,  up  to  1987,  and  at  about  the  same  rate  there- 
after. Higher  rates  of  increa.se  in  uranium  prices 
(than  those  estimated  by  Ontario  Hydro)  would  not 
significantly  increase  the  total  cost  of  nuclear 
power  relative  to  coal,  since  nuclear  power  costs 
are  relatively  insensitive  to  fuel  cost.  The  fuel  cost 
ratio  of  nuclear  to  coal  per  kWh  generated  is 
roughly  1  to  9;  i.e.,  the  $6.5  billion  worth  of  ura- 
nium in  the  DenLson  and  Preston  contracts  will 
generate  as  much  electricity  as  $50  billion  of  U.S. 
coal  or  $65  billion  of  .\lberta  coal.  In  an  analysis  of 
life-cycle  costs  of  thermal  stations,  Commission 
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consultants"  could  not  postulate  a  rcasonahle  ura- 
nium price  increase  that  by  itself  would  negate  the 
cost  advantage  of  nuclear-generated  electricity. 
Consecjuentlv,  we  believe  that  future  relative  fuel 
price  trends  seem  likelv  to  have  the  efTect  of  in- 
creasing lifetime  costs  of  ccjal-generated  electric- 
ity relative  to  those  of  nuclear  electricity. 

Lead  Times 

It  was  noted  earlier  that  the  long  lead  times  associ- 
ated with  generating  stations  make  cost  estimation 
particularlv  difficult.  Ontario  Hvdro's  estimates 
assume  a  design  and  construction  lead  time  of  6'/2  to 
8'/2  years  for  large  nuclear  and  S'/i  to  7'/2  years  for 
large  coal  stations,  with  additional  time  recjuired 
for  planning  and  site-accjuisition  activities.  An  in- 
crease in  the  construction  period  can  affect  interest 
and  escalation  components.  Because  virtually  all 
contracts  with  suppliers  include  a  provision  for 
escalation,  any  deferral  of  in-service  date  after 
components  are  ordered  will  increase  the  final  cost. 
Similarly,  delay  at  that  time  will  increase  the 
amount  of  interest  accumulated  during 
constniction. 

By  contrast,  delays  at  the  pre-approval  stage  of 
public  participation,  environmental  assessment 
and  regulatory  review,  which  currentlv  contribute 
some  2  per  cent  to  capital  costs,  do  not  directU' 
affect  project  costs.  If  the  planners  underestimate 
the  time  spent  on  these  activities,  project  costs  will 
normally  increaseduc  to  inflation.  But  duriny  this 
pre-construction  period  no  interest  costs  are  being 
incurred,  .so  it  is  not  possible  to  say  in  advance  that 
the  delay  will  increase  the  plant  costs.  Although 
the  increasing  lead  times  for  large  stations  cause 
system  planning  uncertainties,  and  are  important 
in  comparisons  with  decentralized  or  smaller  scale 
options,  we  have  seen  no  convincing  evidence  that 
they  will  significantlv  affect  the  comparative  econ- 
omics of  large  coal  and  nuclear  stat  ions. 

Kclial)ilit\  and  I'crlorniancc 

Becau.se  of  their  high  capital  cost,  it  is  essential  to 
the  economics  of  CANDU  stations  that  the\  be 
operated  at  high  levels  of  output  over  their  useful 
lifetimes.  The  (;.\NDU  reactor  allows  on-powcr 
refuelling  and  therefore  higher  a\ailabilil\  th.m. 
for  example,  U.S.  light  water  reactors.  For  the  past 


two  vears  the  availability  of  Pickering  \  has  been 
outstanding  (see  Table  7-.5'.  In  1977,  a  comparison 
of  capacity  factors  of  reactors  of  greater  than  .5fX) 
MW  showed  that  all  four  Pickering  .\  units  ranked 
among  the  top  six  in  the  world.  However,  the  life- 
time performance  of  the  station  illustrates  the 
problems  tfiat  can  be  expected  with  a  highly  so- 
phisticated, but  "immature",  technology.  For  in- 
stance imits  .'3  and  4  were  shut  dou  n  during  1974- 
1975  in  order  to  replace  cracked  pressure  tubes. 
The  lifetime  capacitv  factor  of  the  station  is  conse- 
(juentlv  77  per  cent.  On  the  other  hand,  the  life- 
time availability  factors  of  Douglas  Point  and  NPD 
prototype  reactors  are  58.5  per  cent  and  67.6  per 
cent  respectively,  over  periods  of  between  10  and 
15  years.  Because  of  the  relativelv  feu  C.WDl' 
reactor  years  of  operation,  it  is  difficult  to  estimate 
lifetime  capacitv  factors.  However,  we  consider  it 
reasonable  to  assume  that  C.\NDU  reactors  will 
maintain  base  load  capacity  factors. 

Economies  of  Scale 

The  evidence  to  date  .suggests  that  Ontario  Hydro's 
dec  ision  to  adopt  the  750-850  MW  unit  size  nuige 
for  thermal  generating  units  will  result  in  signifi- 
cant scale  economies.  Converselv,  a  choice  of  200 
MW  units  results  in  a  lifetime  cost  penalty,  w  hen 
an  individual  station  is  considered.  However,  this 
size  of  unit  (2CK)  MW*  is  appropriate  for  a  small 
system,  and  is  being  considered  for  use  in  Ontario 
H\ dro's  \\  est  S\ stem.  F"ig\ire  7-3 iii\es some  h\  po- 
thetical  projections  developed  by  Ontario  Hvdro 
which  indicate  that,  up  to  a  certain  size.  larger  un- 
its are  cheaper  on  a  life-c\  cle  basis  than  small  units 
for  both  coal  and  nuclear  stations.  On  a  compara- 
tive ixisis.  the  lifetime  economic  advantage  of  a 
nuclear  station  is  \  er\  small  for  the  small  luiits.  but 
becomes  more  significant  uith  increases  in  vmit 
size.  The  crossover  point  at  which  nuclear  stations 
become  cheaper  than  coal  stations  is  not  reached, 
in  the  case  of  2(XU3(K)  MW  vmits.  until  the  third 
decade  of  operation,  compared  with  a  15-%ear 
c  rossover  for  5(X)  MW  units  and  1 1  to  12  \ears  for 
7.50-S50MW  units. 
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Table  7.5  Annual  Capacity  Factor  ol  Pickering  A,  1973-1977 


1973 

(per  cent) 

197-1 

(per  cent) 

1975 

(per  cent) 

1976 
(per  cent) 

1977 
(per  cent) 

Unit  1 
Unit  2 
Unit  :3 
llnit  4 

92.5 
69.0 
85.1 
90.11 

72.0 
88.4 
42.7 
93.9 

80.2 
86.0 

57.5 
23.8 

92.8 
93.2 
93.9 
68.4 

85.5 
90.9 
95.6 
90.8 

.\verage 

83.4 

74.3 

61.9 

87.1 

90.7 

1    Fur  pari  of  ihf  \t\(r  onK. 
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Figure  7.3  Life  Cycle  Costs  of  Coal  and  Nuclear  Generating  Stations  for  Different 
Unit  Sizes 


Dollars  per 
thousands 
of  kilowatts 


4()()() 


3000      - 


2(K)()      - 


KlOO      - 


4X3()()M\V  CANIX; 
1X200  M\V  fossil 


15 
Years  from  in  ser*  ice 

4X5(X)M\V  CANDl 
IX  5(H)  M\V  fossil 


4X.S5(>M\\  CANDl 
1X7,50  M\V  fossil 


I    Discouiitfd  to  \fiir  of  first  iiitit  in  st*r\'ife  .it  10  pt'r  it'nt  aiuiiulK.  dNSiiming  *i  60  per  cent  fdctor  c<ipacit\. 
SOl'RI  l'   Oiil^irio  Hydro,  Goner,itioii  Plamiiiii;  Processes.  May  1976. 
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A  True  Accounting  for  Nuclear  Power 
Costs? 

The  nuclear  industry  points  with  pride  to  the  pro- 
duction of  comparatively  low-cost  electricity  from 
the  Pickering  generating  station  and  advocates  in- 
expensive nuclear  electricity  as  the  cornerstone  of 
Ontario  s  future  energy  strategy.  But  critics  have 
argued  that  many  significant  investments  in  the 
front-end  of  the  nuclear  fuel  cycle  have  not  been 
fully  recovered,  that  some  future  costs  at  the  back- 
end  of  the  fuel  cvcle  have  not  been  taken  into  ac- 
count and  that  many  costs  of  the  nuclear  pro- 
gramme have  been  borne  by  the  Canadian  tax- 
payer rather  than  the  users  (e.g.  research  and 
development  costs).  They  argue  that  if  all  the  costs 
of  the  nuclear  programme  were  accounted  for, 
nuclear  power  would  lose  much  of  its  economic 
attractiveness.  These  include  prospective  future 
costs  for  security,  decommissioning,  irradiated  fuel 
management,  insurance  and  liability  in  the  event  of 
nuclear  accidents,  and  "hidden"  and  "social"  costs 
external  to  the  utility. 

Prospective  Future  Costs 

Measures  to  increase  the  physical  security  of  nu- 
clear power  stations  against  terrorists  or  saboteurs 
would  be  reflected  in  increases  in  both  capital  and 
operating  costs  for  surveillance  systems,  extra  liar- 
riers  and  additional  staff.  A  consultant's  study  for 
the  Commission  has  suggested  that  a  security 
guard  force  totalling  34  additional  persons  would 
add  $2..35/kW  to  the  1985  nuclear  O&M  cost  of 
$12.41/kW.'"' 

At  the  end  of  its  operating  life,  a  nuclear  power 
reactor  must  be  decommissioned.  Ontario  Hydro 
has  traditionally  assumed  that  the  salvage  value  of 
materials,  spent  fuel,  and,  in  particular,  heavy 
water  from  a  nuclear  reactor  would  at  least  equal 
the  costs  for  decommissioning,  and  consequently 
the  costs  of  this  activity  have  not  been  included  in 
electricity  rates.  The  assumption  of  a  salvage  value 
for  heavy  water  assumes  the  continuance  of  a 
CANDU-type  nuclear  power  programme  beyond 
the  expected  thirty-year  lifetime  of  the  station. 
However,  it  was  noted  also  that  nuclear  power 
plants  might  operate  (and  produce  revenue) 
beyond  their  a.ssumed  thirty-year  life."' 

There  can  be  no  assurance  of  a  market  for  heavv 


water  after  the  expected  thirty-year  useful  life  of 
the  current  generation  of  nuclear  plants,  or  of  rev- 
enues from  electricity  sales  from  plants  who.se  u.se- 
ful  life  exceeds  thirty  years.  We  believe,  therefore, 
that  it  would  be  prudent  to  incorporate  in  current 
electricitv  rates  an  amount  sufficient,  on  a  sinking 
fund  basis,  to  defray  at  least  half  the  expected  sta- 
tion decommissioning  costs. 

Several  studies  suggest  that  decommissioning 
costs  will  be  a  small  fraction  of  total  reactor  cost. 
For  example,  an  AECL  study  provided  a  repre- 
sentative estimate  of  $30  million  for  the  disman- 
tling and  removal  of  a  600  MW  reactor.'"  This 
study  also  noted  that  a  $100  million  sinking  fund 
could  be  developed  over  thirty  years  by  a  0.45 
mills/kWh  (1976$)  annual  surcharge  on  the  price 
of  electricity.  A  review,  undertaken  for  the  U.S. 
Congress,  of  the  Nuclear  Regulatory  Commission's 
and  the  Energy  Research  and  Development  Ad- 
ministration's programmes  for  disposing  of  nuclear 
facilities  cites  costs  of  up  to  $40  million  (1975$)  for 
decommissioning  "an  average  reactor"."  And  On- 
tario Hydro  has  suggested  that  decommissioning 
costs  might  be  about  1  to  5  per  cent  of  initial  plant 
costs.'"  A  dissenting  view,  however,  was  presented 
by  Dr.  Gordon  Edwards  who  stressed  that  the 
above  estimates  are  for  "normal  "  decommissioning 
situations  only  and  do  not  allow  for  improbable 
events  such  as  reactor  accidents. 

Dr.  Edwards  akso  suggested  that  problems  with 
the  disposal  of  facilities  and  materials  associated 
with  the  front-  and  back-end  of  the  fuel  cycle  could 
prove  more  intractable  and  hence  more  costly  than 
reactor  decommissioning.  To  deal  with  such  prob- 
lems, a  charge  to  cover  clean-up  of  all  radioactive 
wastes  a.ssociated  with  the  CANDU  fuel  cycle  has 
f)een  suggested.  A  "Nuclear  Decontamination 
Fund  "  is  provided  for  by  Bill  C-14""  in  recognition 
of  the  fact  that  significant  costs  may  post-date  the 
existence  of  companies  whose  operations  caused 
the  contamination  in  the  first  place.  The  develop- 
ment of  such  a  fund  would  inevitably  give  rise  to  an 
increased  cost  for  nuclear-generated  electricity. 

At  present  the  prospective  costs  of  the  perma- 
nent disposal  or  management  of  spent  CANDU 
fuel  are  not  included  in  the  price  of  electricity. 
Indeed,  it  will  be  virtually  impossible  to  assign 
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meaningful  costs  lo  this  activity  until  detailed  geo- 
logical and  engineering  studies  have  been  com- 
pleted. Ontario  Hydro  estimates  (we  were  not  in- 
formed as  to  the  basis  for  these  estimates)  that  such 
costs  would  add  no  more  than  0.2  mills/kVVh 
(1976$)  lo  the  cost  of  power.-'  Pending  a  firmer 
fiasis  for  establishing  a  proper  charge,  costs  at  least 
in  the  order  suggested  by  Ontario  Hydro  should  be 
added  to  the  cost  of  power  to  create  an  appropriate 
sinking  fund  to  defray  future  costs  for  spent  fuel 
management  and  disposal. 

The  costs  which  might  be  associated  with  an 
improbable,  but  major  nuclear  accident  (see  Chap- 
ter 6)  are  impossible  to  estimate.  The  federal  Nu- 
clear Liability  Act  at  present  requires  the  operator 
of  a  nuclear  installation  to  carry  $75  million  in  third 
party  liability  insurance  per  installation"  (see 
Chapter  12).  Ontario  Hydro  s  current  premiums 
for  this  insurance  are  $815,000  per  annum  and  are 
expected  to  increa.se  to  about  $2.3  million  in  1985. 
To  the  degree  that  the  $75  million  limit  implies  a 
promise  on  the  part  of  the  government  to  provide 
relief  from  con.se(juences  of  a  nuclear  disaster 
beyond  the  coverage  provided  by  the  private  insur- 
ance pools,  there  exists  a  subsidy  to  the  power  util- 
ity. For  electricitv  to  be  properlv  costed  it  would 
be  necessary  to  charge  Ontario  Hydro  customers 
the  imputed  cost  of  the  premiums  that,  in  the 
absence  of  the  government  backstop,  would  pre- 
sumably have  to  be  paid  to  private  insurers."'  We, 
however,  do  not  advocate  the  imposition  of  such  a 
charge  at  this  time. 

"Hidden"  Costs 

The  costs  of  public  participation,  site  evaluation 
and  environmental  assessment,  including  public 
hearings,  have  been  estimated  to  compri.se  2  per 
cent  of  the  capital  cost  of  a  generating  station.-' 
More  difficult  to  assess  are  the  "hidden"  costs  in 
terms  of  demands  on  government  agencies  and 
departments.  Although  some  costs  of  obtaining 
government  and  regulatorv  agencv  appro\al  are 
common  to  coal  and  nuclear  stations,  there  are  ad- 
ditional costs  in  the  licensing  of  nuclear  facilities 
and  regulation  of  activities  involving  nuclear 
materials. 


Research  and  Development 

Nuclear  research  and  development  iR&D'  costs 
are  also  largely  "hidden"  in  the  sense  that  they 
have  been  incurred  bv  agencies  other  than  Ontario 
Hydro  and  have  not  entered  the  cost  of  electric 
power.  R&t)  funds  already  spent  on  the  nuclear 
power  programme  are  normally  regarded  as  a 
"sunk  cost"  for  purposes  of  economic  evaluation. 
However,  the  magnitude  of  this  "subsidy  "  of  nu- 
clear power  should  be  taken  into  account  when 
comparing  the  nuclear  option  to  renewable  energy 
prospects. 

Nuclear  R&D  costs  can  be  roughly  estimated 
bv  reference  to  the  budget  of  Atomic  Energy  of 
Canada  Limited  (AECL).  Figure  7-4  shows 
,\ECL's  R&D  expenditures,  which  amounted  to 
about  $100  million  in  1977  or  0.05  per  cent  of  the 
Canadian  GNP.  (There  has  been  a  gradual  shift  of 
R&D  effort  since  1968  from  .\ECL  to  other  agen- 
cies; for  example,  Ontario  Hvdro  has  spent  $15 
million  since  1971  on  R&D  related  to  a  potential 
1250  MW  reactor.)  The  total  historical  $1.2  billion 
expenditure  on  nuclear  R&D  is  e(jui\alenl  to  an 
expenditure  of  $70/k\\  on  reactors  now  operating 
or  committed,  or  0.8  mills  per  kW  h."' 

If  we  a.ssume  only  minor  design  changes  in  fu- 
ture first-generation  CANDl'  reactors  this  ap- 
pears justifial)le  because  of  the  excellent  perform- 
ance of  existing  units),  onlv  minimal  R&D  back-up 
will  be  recjuired.  However,  AECL's  current  R&D 
budget  includes  a  40  per  cent  allocation  for  "neu 
CANDU  reactors"  and  "underlving  and  advanced 
.system  research",  suggesting  that  expenditures  on 
future  first-generation  C.\NDU  reactors  are  ongo- 
ing, and  that  significant  design  changes  mav  be 
forthcoming.  Present  indications  are  that  if  Canada 
develops  a  commercial  CANDl'  based  on  an  "ad- 
vanced fuel  c\cle"  ie.g.  thorium-uranium-pluto- 
nium),  the  R&D  costs  might  be  in  the  order  of  $1.5 
to  $2.0  billion  ( 1976$K  .\lthough  we  do  not  endorse 
this  path,  certainlv  not  before  the  vear  2tKX).  \se 
believe  that  the  research  should  be  continued  — 
the  possibilitN  of  an  "advanced  fuel  cvde  ^tho- 
rium)"  co-operative  R&D  programme  l>etween 
Canada  and  the  United  States  might  be  particu- 
larK  appropriate  and  should  be  explored. 

Existing  R&D  expenditures  on  nuclear  power 
are  appreciablv  greater  (indeed  bv  a  factor  of  7^ 
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Figure  7.4  AECL  Research  and  Development  Expenditures,  1955-1977 

Millions                                                                                                                                                                     Percent 

of  dollars 

ofGNP 
"        .11 

100 

J 

90 

^r 

.10 

80 

^P^r 

.09 

70 

i^^Bi^ 

60 

^B^^^^^^^^^HK^^^^^^I^pr" ' 

.08 

50 

JB^ 

.07 

40 

^S^^^^^^Kk^^^^^^^^f' 

30 

Jl^^                ^ 

.06 

20 

^K^                                                                                                                               9^^ 

^^m__^                                                                                      H^H~ 

10 

55    56    57    58    59    60    61    62    63    64    65    66    67    68    69    70    71    72    73    74    75    76   77 

Fiscal  year 

Ctirretit  dollars 

SOURCE  J.S.  Foster,  "AECL  Present  and  Future."  Speech  presented  to  the  15th  Annual  Internatioiial  ConfereuLe  of  the 

Canadian  Nuclear  Association,  Ottawa,  June  15-18,  1975 

119 


THE  ECONOMIC;S  OF  MCI.KAK  POW  KM 


than  those  on  renewalile  energy  resources."''  Bear- 
ing in  mind  the  fact  that  nuclear  energy  will  con- 
tribute a  comparatively  small  proportion  of  the 
total  primary  energy  needs  of  Ontario  (and  even 
less  of  Canada  s)  during  the  next  twenty-five  years 
(it  was  5.6  per  cent  in  Ontario  in  1976),  it  is  impor- 
tant that  energy  R&D  funding  priorities  should  he 
re-a.ssessed.  Conservation  technology,  wood  and 
biomass  energy,  solar  energy  and  wind  energy  are 
all  fields  which  deserve  considerably  more  R&D 
support  on  economic,  social  and  environmental 
grounds. 

But  continued  nuclear  research  is  important, 
regardless  of  the  extent  to  which  nuclear  power 
evolves  in  Canada.  We  stress,  in  particular,  the 
urgent  R&D  needs  of  the  "front-end"  —  e.g.  the 
ultimate  safe  disposal  of  mill  tailings,  and  the 
"back-end"  —  e.g.  the  ultimate  safe  disposal  of 
high-level  radioactive  wastes. 

Social  Costs 

Social  costs  for  our  purposes  are  those  costs  arising 
at  any  stage  of  the  electric  power  programme 
which  are  external  to  the  programme  and  are  not 
included  in  electricity  prices.  They  can  include, 
for  example,  costs  arising  from  damage  to  health, 
property  or  the  environment.  Although  some  of 
the  more  tangible  of  these  costs  have  been  esti- 
mated, social  cost  methodologies  are  poorly  devel- 
oped and  the  subject  of  much  disagreement.  How- 
ever, some  social  costs  have  already  been 
incorporated  into  Ontario  Hydro  power  rates  by, 
for  example,  decisions  to  install  e(|uipment  to  mini- 
mize environmental  impacts,  and  by  placing  a  sur- 
charge on  the  cost  of  exported  electricity  to  reflect 
the  social  costs  of  coal-generated  electricity  for 
export.  This  internalization  of  costs  will  un- 
doubtedly continue  as  legislation  or  utility  policies 
incorporate  the  concerns  of  .society.  However,  the 
magnitude  of  these  costs,  and  their  relative  impact 
on  coal-  and  nuclear-electricity  costs,  are  difficult 
to  predict. 

LiJetinic  Costs  of  Nuclear  Power  Plants 

The  large  lifetime  economic  advantage  of  nuclear 
power  for  base-load  purposes  seems  to  be  retained 
even  when  reasonai)le  estimates  of  the  prospective 


future  costs  discussed  above  are  incorporated  al- 
though, as  noted,  many  of  the  existing  cost  esti- 
mates are  specidative). 

.\n  analysis,  by  two  of  our  consultants,  which 
incorporated  several  costs  of  the  types  considered 
above,  has  tested  the  effect  of  variations  in  the  fac- 
tors influencing  coal  and  nuclear  life-cycle  costs. 
The  study  concluded: 

In  general,  coinbinalioiis  of  high  real  discount 
rates,  low  capacity  factors,  substantial  increases 
in  the  capital  cost  of  nuclear  vs  coal  stations,  and 
significant  increases  in  the  price  of  uranium  rel- 
ative to  coal  are  necessar\  to  make  coal  compet- 
itive. Each  of  these  factors  alone  cannot  offset 
the  cost  advantage  of  nuclear  power  unless  un- 
realistic values  are  adopted. . . .  The  results  [of 
ourstudv]  unamhignousK  itulicate  that  in  terms 
of  economic  costs  in  Ontario,  nuclear  generat- 
ing stations  are  substantiallv  more  attractive 
than  coal-fired  generating  Stat  ions." 

We  have  concluded  that  CANDU  units  in  the  850 
MW  capacity  range  are  the  obvious  economic 
choice  for  Ontario  I  lydro's  base  load  generation. 

Ontario  Hydro  has  proposed  the  use  of  1250 
MW  CANDU  units  in  order  to  capture  further 
scale  economies.  An  increa.se  from  850  to  1250 
MW  would,  by  the  utility's  estimation,  decreii^e 
unit  capital  costs  and  total  unit  energy  costs  by 
about  10  per  cent  (even  when  economic  penalties 
because  of  lower  estimated  reliability  of  units  in 
this  size  range  are  taken  into  account  *."""  The  utility 
has  argued  that  the  economies  arise  from  the  fact 
that  the  1250  MW  unit  is  designed  to  u.se  as  many 
standard  components  I  from  the  850  MN\'  design'  as 
possible,  e.g.  circidating  pumps,  pressure  tubes, 
and  boilers,  so  as  to  maximize  the  economies  of 
scale  relating  to  common  plant  facilities.  .\  major 
exception  is  the  turbine-generator:  but  Ontario 
Hydro's  Director  of  Design  and  De\elopment.  Mr. 
\\  .C.  Morison,  expressed  confidence  tlial  good 
competitive  bids  could  be  obtained  on  these  at 
some  cost  in  terms  of  Canadian  content  from  two 
European  and  two  I'.S.  suppliers. 

.\llhough  Ontario  llxilro  stated  that  the  verv 
large  U.S.  reactors  ha\e  demonstrated  economies 
of  scale,  no  detailed  capital  cost  or  operating  expe- 
rience data,  in  support  of  this  alTirmalion,  ha\e 
been  made  a\ailable  to  us.  Furthermore.  U.S.  reac- 
tor conunitments  tlo  not  indicate  a  strou"  trend  to 
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the  1250  MW  size  range  in  the  1980s.-''  Few  large 
scale  reactors  have  reached  their  "mature"  operat- 
ing state.  In  the  hearings,  several  participants  ar- 
gued that  Ontario  Hydro's  limited  experience  with 
very  large  generating  units  provides  insufficient 
proof  as  to  the  reliability  of  both  nuclear  and  non- 
nuclear  components. 

Moreover,  there  appear  to  be  some  potential 
economies  of  standardization,  particularly  in  re- 
gard to  the  review  process.  System  aspects  are  also 
important;  as  noted  earlier,  smaller  units  may  pro- 
vide ecjual  reliability  with  fewer  megawatts  than 
larger  units.  It  appears  that  the  full  economic  ad- 
vantage of  the  1250  MW  imit  requires  a  system  size 
which,  on  the  basis  of  the  lower  load  forecast,  will 
not  be  attained  until  the  1990s.  For  these  reasons 
we  are  not  convinced,  on  the  evidence  presented  to 
dale,  that  the  1250  MW  CANDU  reactors  should 
be  part  of  Ontario  Hvdro's  system  expansion  pro- 
gramme before  the  turn  of  the  century. 

Even  with  appreciably  lower  capacity  factors 
than  those  achieved  to  date,  and  with  other  as- 
sumptions unchanged,  CANDU  stations  of  the  850 
MW  size  are  still  more  economic,  on  a  life-cycle 
basis,  than  coal  stations.  Indeed,  the  economic  ad- 
vantage exists  down  to  average  annual  capacity 
factors  of  less  than  55  per  cent,  i.e.  in  the  range  of 
intermediate  load  operation.  However,  the  cross- 
over point  is  later  and  the  lifetime  cost  advantage 
less.  Furthermore,  existing  CANDU  plants  cannot 
readily  be  cycled  to  follow  the  ups  and  downs  of 
the  daily  load  curve.  Accordingly,  we  believe  that 
the  need  for  additional  nuclear  capacity  is  depen- 
dent on  the  need  for  additional  base  load  capacity. 
Indeed,  we  are  aware  that  technological  advances 
("hard"  or  "soft"  as  the  case  may  be)  may  lead  to 
forms  of  generation  sufficiently  .superior  to 
CANDU  reactors,  in  terms  of  operating  flexibility, 
thermal  efficiency  or  straight  economy,  to  displace 
even  current  nuclear  plants  from  base  load 
operation. 

It  is  particularly  important,  prior  to  commit- 
ting further  nuclear  capacity,  that  the  load  fore- 
cast, and  the  likely  shape  of  the  system  load  curve, 
should  be  carefully  reviewed  to  substantiate  the 
need  for  base  load  capacity  over  the  long  term.  If 
this  review  demonstrates  that  a  continuing  need 
for  ba.se  load  capacity  is  uncertain,  or  shifting  load 


recjuirements  appear  probable,  generating  options 
which  are  more  operationally  flexible  (such  as  fos- 
sil or  hydraulic  capacity)  may  be  preferable  to  the 
nuclear  option.  For  example,  a  larger  proportion 
than  the  proposed  (by  Ontario  Hydro)  one-third 
coal,  in  the  generating  mix,  could  allow  operation 
of  coal  stations,  for  temporary  base  load  followed 
by  subsequent  u.se  for  intermediate  or  peaking  pur- 
poses, and  ultimately,  perhaps  retrofitting  them  to 
burn  wood  and  waste. 

An  alternative  scenario  is  one  in  which  success- 
ful implementation  of  capacity  management  pro- 
grammes (e.g.  pumped  storage)  could  raise  daily 
and  seasonal  load  factors  such  that  the  system  could 
accept  a  two-thirds  nuclear  mix.  "'The  Commission 
expects  to  hear  more  about  these  matters  in  the 
"total  system"  hearings.  In  addition  to  a  suitable 
matching  of  capacity  to  load  requirements,  an  anal- 
ysis of  system  economics  requires  an  assessment  of 
economies  of  scale,  station  reliability  as  it  affects 
the  need  for  reserve  capacity,  economics  of  elec- 
tric power  and  energy  imports,  and  exports  and 
other  dynamic  effects.  Static  compari.sons  of  the 
costs  of  single  stations  are  a  poor  substitute  for  as- 
sessing the  discounted  incremental  costs  of  adding 
each  type  of  plant  in  a  full  (thirty-year)  system 
planning  cycle.  Becau.se  we  believe  that  a  life-cy- 
cle assessment  of  different  generating  technolo- 
gies, within  the  context  of  the  future  power  sys- 
tem, is  essential,  we  defer  our  detailed  comments 
on  load  and  capacity  characteristics  and  the  conse- 
quent preferred  system  mix  to  the  final  report. 

Costs  on  a  system  basis  depend  on  the  rate  of 
system  growth  and  the  mix  of  generating  plants. 
Ontario  Hydro  has  pointed  out,  for  example,  that 
Pickering  A  has  "saved"  the  power  consumers  of 
Ontario  luillions  of  dollars  as  compared  with  the 
cost  to  build  and  operate  an  e(juivalent  coal-fired 
station.  (This  saving  has  been  estimated  at  $32  per 
customer  in  1977.")  However,  total  expenditures 
on  the  expansion  programme  are,  and  will  con- 
tinue for  .some  time,  to  be  higher  becau.se  of  the 
nuclear  commitment.  The  utility  informed  the 
Commission  that  "an  all-coal-fired  programme 
would  re(juire  less  funds  up  to  the  early  1990s  at 
which  time  the  situation  would  be  rapidly  re- 
versed and  would  result  in  an  overwhelmingly 
large  penalty  in  costs  for  an  all-coal-fired  case  by 
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the  year  2000,  and  an  even  greater  penalty  beyond 
that  time.^'  The  heavy  front-end  expenditures  both 
to  build  the  more  expensive  nuclear  stations  and  to 
create  the  supporting  nuclear  infrastnicture  (e.g. 
heavy  water  plants)  have  placed  upward  pressure 
both  on  borrowing  requirements  and  revenues  to 
be  raised  from  power  rates. 

Because  Ontario  Hydro  has  not  provided  the 
Commission  with  details  of  the  impact  on  capital 
requirements  and  electricity  rates  of  alternative  (to 
LRF  48A)  mixes  of  nuclear  and  coal  generation,  we 
are  not  in  a  position  to  comment  on  these  matters  at 
this  time.  However,  the  following  preliminary  obs- 
ervations on  the  timing  of  expenditures,  as  related 
to  the  need  for  fimds  from  the  capital  markets  and 
from  electricity  rates,  may  not  be  out  of  place. 

The  "Capital  Gap" 

Almost  85  per  cent  of  Ontario  Hydro's  capital  re- 
quirements is  raised  from  debt  markets,  with  re- 
payment guaranteed  by  the  Provincial  Govern- 
ment —  the  rest  is  "internally  generated",  i.e., 
raised  through  power  rates.  Capital  borrowing 
constraints  have  already  occasioned  adjustments  to 
the  planned  expansion  programme.  In  1976,  a  per- 
ceived unsupportability  of  capital  borrowings 
over  the  short  term  led  the  Provincial  Treasurer  to 
limit  Ontario  Hvdro's  borrowing  for  the  period, 
1976  to  1978,  to  a  level  well  below  that  originally 
planned.  (As  noted  in  Chapter  2,  this  limitation, 
when  combined  with  a  desire  to  minimize  power 
rate  increases,  made  necessary  substantial  cut- 
backs in  the  planned  medium-term  expansion  pro- 
gramme, with  several  committed  projects,  includ- 
ing nuclear  stations  and  a  third  heavy  water  plant, 
deferred,  and  the  fourth  heavy  water  plant  at 
Bruce  cancelled.) 

In  the  view  of  the  Provincial  Trea.surv,  we  have 
entered  an  "era  of  continuous  borrowing  con- 
straint" in  which  capital  availability  must  be  a  key 
element  in  the  jilanning  process."  It  is  necessary, 
therefore,  to  review  continually  the  forecasts  of  the 
amount  of  capital  available  for  Ontario  and  On- 
tario Hydro  at  optimal  interest  rates,  and  without 
using  "risky  "  markets,  that  might  jeopardize  con- 
tinued acce.ss  to  capital  at  the  most  favourable  mar- 
ket rates.  We  note  willi  approxal  that  since  1976, 
iheOiliceol  the  Chief  Economist  ol  Ontario  Hydro 


has  adopted  the  "stock  adjustment"  approach  fa- 
voured by  the  Ministry  of  Treasury.  Economics 
and  Intergovernmental  Affairs.  This  approach 
seeks  to  estimate,  in  as  .systematic  a  way  as  is  possi- 
ble in  the  always  fluid  capital  markets,  the  amount 
of  a  given  borrower's  securities  which  the  market 
as  a  whole  appears  willing  tt)  hold.  These  estimates 
are  then  compared  to  the  capital  retjuirements  as- 
sociated with  possible  system  expansion 
programmes. 

Figure  7-.5  illustrates  Ontario  Hydro's  May 
1977  capital  availability  estimate  and  the  capital 
requirements  for  the  LRF  48.'\  foret  asf  plan  under 
current  financial  assiunptions  and  a  policy  of  mod- 
erate rate  increa.ses.  Commenting  on  the  accumu- 
lating shortfall  beginning  in  the  early  1980s,  On- 
tario Hydro  reminded  the  Commission  of  the 
imcertaintiesofsuch  projections,  implying  that  the 
shortfall  may  not  in  fact  materialize."  It  should  be 
noted,  however,  that  the  possible  problem  —  al- 
though described  by  one  Ontario  Hvdro  document 
as  occurring  in  the  "very  long-term  "  —  falls  within 
a  shorter  time  horizon  than  used  for  the  economic 
comparisons  of  the  coal-nuclear  stations  di.scussed 
previously.  Despite  the  uncertainties  associated 
with  such  forecasts,  we  believe  thev  can  and 
should  be  used  as  indicators  of  the  adjustments  re- 
(juired  well  before  mere  problems  turn  into  crises. 

Several  factors  suggest  that  Ontario  Hvdro's 
estimates  of  capital  available  to  the  ulilit%  mav  be 
optimistic; 

•  the  estimates  are  for  public  capital  available  to 
Ontario  Hydro  and  the  province.  However,  it  is 
assumed  that  all  the  capital  is  directed  to  Ontario 
Hydro  purposes.  This  will  not  be  possible  unless 
the  provinc-e  is  successful  in  achievint;.  and  main- 
taining, a  budget  sufficientlv  close  to  balance  that  it 
can  provide  for  any  net  cash  recjuirements  from 
non-public  borrowing,  e.g.  from  federal  pension, 
government  employees'  and  teachers"  pension 
funds; 

•  onnulative  numbers  assume  that  a  surplus  in 
an\  given  vear  remains  a\  ;u"lable  in  kiter  \  ears; 

•  there  is  substantial  reliance  on  non-Canadian 
capital  markets,  with  attentlant  risks  of  market  clo- 
sure or  major  foreign  e.xchange  fluctuations. 

Because  ofthis  "(low  nside  risk  '  locapit.il.tvail- 
abilitv  estimates,  and  also  because  Ontario  Hvdro 
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Figure  7.5  Capital  Requirements  for  LRF  48A  Compared  With  Capital 
Availability,  1977-1995 
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itself  ackiiowle^es  a  potential  capital  shortfall  as 
early  iis  1981,  the  possibility  of  capital  shortfalls 
should  be  considered  a  "real"  constraint  to  be  ad- 
dressed as  an  inlregal  part  of  the  system  planning 
process. 

Under  consideration  by  the  Commission  are 
some  proposed  solutions  to  this  problem  such  as: 
taking  action  to  broaden  Ontario  Hydro's  access  to 
capital  markets,  making  some  of  the  over  $1  billion 
per  annum  from  the  various  pension  plan  moneys 
available  to  Ontario  Hydro;  conservation  or  load 
management  programmes  aimed  at  reducing  the 
expansion  programme  (especially  the  nuclear 
component);  or  increasing  power  rates. 

Electricity  Rales 

The  major  interest  of  the  customers  of  Ontario 
Hydro  in  these  fairly  esoteric  matters  stems  from 
the  eventual  impact  of  capacity  additions  on  elec- 
tricity rates.  As  noted  earlier,  electricity  costs  are 
made  up  of  fixed  costs  .such  as  interest  and  depreci- 
ation, which  are  incorporated  into  electricity 
prices  according  to  statute  and  accounting  conven- 
tion, and  variable  costs  for  luel,  operations,  mainte- 
nance and  administration,  which  are  charged  in  the 
year  incurred.  It  takes  many  years  before  a  decision 
on  a  particular  station  tvpe  will  be  reflected  in  the 
cost  ol  power,  because  all  construction  and  interest 
charges  are  capitalized  until  the  in-.service  date. 
Any  net  benefit  from  lower  operating  costs  occurs 
even  later.  For  example,  if  savings  as  a  result  of  the 
decision  to  commit  Darlington  as  a  nuclear  facility 
(rather  than  fossil-fuelled)  materialize  as  pre- 
dicted, these  will  not  be  reflected  in  electricit\ 
billsuntil  the  early  199().s. 

In  considering  the  capital  gap,  Ontario  Hydro 
has  suggested  that,  although  increasing  the  propor- 
tion of  fossil  plant  would  reduce  capital  recjuire- 
ments  in  the  short  term,  it  would  result  in  signifi- 
cantly higher  electricity  rates  over  the  long  term, 
because  of  the  superior  lifetime  economies  from 
nuclear  plants.  The  utilil\  argues  that  short  term 
capital  shortfalls  coukl  be  odset  b\  short  term  rate 
increa.ses  to  provide  extra  revenue  for  financing 
system  expansion. 

Increased  rates  to  di-fer  a  capital  shortfall 
wouKl,  ol  course,  somewhat  tlela\  the  net  sa\  ings 


to  consumers  accruing  from  the  nuclear  commit- 
ment. We  believe  that  electricity  rales  should  be 
increased  only  if  no  other  acceptable  means  are 
available  to  close  the  capital  gap.  The  appropriate 
level  of  capital  to  be  raised  from  rates  should  be 
evaluated  independentK  of  an\  pressures  created 
by  the  existence  of  a  capital  shortfall,  by  the  re- 
(juirement  to  maintain  financial  integrity,  and  bv 
comparison  of  Ontario  Hydros  financial  indicators 
with  those  of  similar  electric  utilities  and  compet- 
ing energy  corporations.  From  this  latter  perspec- 
tive, it  is  clear  that  electricity  in  Ontario  has  in  fac  t 
been  somewhat  underpriced  relative  to  other  juris- 
dictions (as  Task  Force  Hydro  concluded  in  1972, 
and  the  Ontario  Energy  Board  has  reported  on  sev- 
eral occasions  since  then'. 

Increased  rates  can  perforin  a  dual  role  both  in 
providing  funds  for  grow  th  in  the  system,  and  in 
restraining  growth  to  manageable  levels  through 
the  strong  potential  influence  of  price  on  the  future 
demand  for  electricity.  J.R.  Downs  has  recentlx 
observed  that:  "B\  slowing  the  growth  of  demand, 
and  promoting  capital  accuimilation  at  the  siime 
time,  pricing  polic\  [based  on  marginal  costs] 
might  well  perform  its  traditional  role  of  resource 
allocation  and  thus  help  to  a\  ert  the  capital  cnmch 
projected  for  the  19S()s.  This  is  a  consideration 
which  will  have  to  be  addressed  b\^  the  publicly 
owned  utilities  and  their  political  masters."^'  Even 
w  ithout  the  element  of  scarcit\  pricing  howe\er. 
electricity  is  alreacK  a  relati\  ely  expensive  energy 
.source  for  certain  purposes,  e.g.  space  heatintj.  de- 
spite the  benefit  from  the  large  low-cost  hydroelec- 
tric component  of  the  system.  Electricit\  prices  in 
other  provinces,  which  are  forced  to  rel\  on  ther- 
mal poxvt-r  based  on  imported  oil.  are  as  nuich  as 
[\\n  or  three  times  those  of  Ontario.  .\s  noted  ear- 
lier, it  is  apparent  that  no  future  energy  source  — 
including  nuclear  power  —  can  be  de\elo[M?cl  at 
costs  sinular  to  what  was  possible  in  the  era  of 
cheap  energ\. 

Ecoiunnic  .\iial\sis  and  S\stcni  I'lanning 

M  the  beginning  of  this  Chapter  we  stres.sed  that 
economic  cost  should  not  be  gi\  en  undue  emphasis 
in  the  system  planning  process.  Because  of  the  un- 
certainlx  implicit  in  all  forecastini;.  and  the  lont; 
time  horizon  of  decisions,  costs  are  unknown  and 
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unknowable.  They  are  also  not  independent  of  so- 
cial and  political  priorities  which  affect  the  type  of 
cost  considered  and  the  relative  value  assigned. 
Moreover,  in  the  long  term  decisions  necessary  to 
electric  power  planning,  is.sue  has  been  taken  with 
a  key  premise  of  cost-benefit  models,  namely,  the 
a.ssumption  that  future  costs  should  be  discounted 
(that  is,  assigned  a  lower  value  than  present  costs). 
One  recent  study  noted: 

. .  .decision-makers  are  concerned  that  if  we 
were  to  discount  at  a  positive  rate  in  a  world  of 
exhaustible  resources,  would  we  not  condemn 
future  generations  to  a  world  of  scarcity?  Or,  if 
we  were  to  invest  in  projects  with  uncertain 
environmental  effects,  the  result  for  future  gen- 
erations could  be  even  worse  than  .scarcity. 
Frank  P.  Ramsey,  in  his  pathbreaking  work  pub- 
lished in  1928,  argued  for  a  zero  rate  of  discount; 
that  is,  not  weighting  the  welfare  of  future  gen- 
erations less  than  that  of  the  present  one,  and, 
more  recently,  Robert  Dorfman  of  Harvard  and 
others  have  suggested  that  in  relation  to  things 
such  as  health  effects,  we  should  discount  at  a 
zero  rate.^" 

Several  participants  at  our  hearings  expre.ssed  sim- 
ilar views  concerning  the  need  to  acknowledge  fu- 
ture costs  adecjuately. 

Dr.  Philip  Hill,  a  consultant  to  the  Commission, 
.succinctly  expressed  the  difficulties: 

Benefit-cost  analysis  applied  to  power  system 


planning  is  critically  dependent  on  major  value 
judgements  needed  in  weighing  the  costs  and 
benefits  of  intangibles  and  the  equity  of  future 
generations. . . .  environmental  damage  are  con- 
sidered, .social  costs  can  be  said  to  be  negligible 
compared  to  generation  cost. . . .  But  allowing 
for  possibly  high  values  which  society  may  wish 
to  place  on  the  non-financial  aspects  of  health 
and  amenity  lo.sses,  it  cannot  be  said  that  the 
social  costs  of  power  generation  are  necessarily 
negligible,  or  should  not  play  a  role  in  system 
planning.  What  is  needed  is  widespread  public 
appreciation  of  all  social  cost  implications,  so 
that  social  values  and  preferences  can  be 
determined.^^ 

We  are  aware,  of  course,  that  it  is  not  possible 
to  determine  generally  accepted  dollar  values  for 
all  social  costs  (many  of  which  are  elusive  and 
judgemental).  However,  attempts  at  quantitative 
assessment  help  to  focus  attention  on  particular 
costs  and  benefits  which  are  important  to  system 
planning  decisions,  and  help  in  identifying  major 
differences  in  value  judgements. 

Although  Ontario  Hydro's  mandate  to  .supply 
electricity  at  the  "lowest  feasible  cost  "  often  .serves 
to  focus  di.scu.ssion  largely  on  internal  economic 
efficiency,  there  are  important  i.s.sues  beyond  the 
utility's  cost  framework.  In  the  following  Chapter 
we  move  beyond  "economic"  costs  to  consider 
some  socioeconomic  costs  and  benefits,  not  all  of 
which  are  quantifiable. 


Chapter  Eight 

Social  Impacts 

and  the  Status 

of  the 

Nuclear  Industry 


WUITE  apart  from  the 
value  to  Ontario  residents  and  industry  of  access  to 
the  imputed  lower-cost,  more  reliable  electrical 
energy  made  possible  by  nuclear  power,  it  was 
suggested  during  our  hearings  by  nuclear  industry 
spokesmen  that  the  construction  and  operation  of 
nuclear  stations  provide  a  major  stimulus  to  the 
national  and  provincial  economies,  have  a  positive 
effect  on  the  balance  of  payments  and  create  sig- 
nificant emplovment  opportunities. 

Ade(iuate  testing  of  this  proposition  would  re- 
quire some  fairly  sophisticated  economic  model- 
ling, to  analyze  the  impact  on  the  growth  of  the 
national  and  provincial  economies  of  variations  in 
the  size  and  timing  of  Ontario  H\(lr()'s  nuclear  pro- 
gramme. We  are  undertaking  studies  ol  this  kind  in 
co-operation  with  Statistics  Canada;  these  should 
throw  some  light  on  the  (|ui-sli()n.  We  have  also 
examinetl  several  U.S.  studies,  and  noted  some  con- 
sensus that  the  benefits  of  a  nuclear  programme  can 
be  in  the  order  of  1  to  2  per  cent  of  CNP.  But  the 
Ford-MITHKsludv  warns  that 


. . .  since  nuclear  fission  is  onl\  one  among  sev- 
eral energy  sources  and,  for  the  next  few  dec- 
ades al  least,  has  no  more  than  a  small  advantage 
over  other  hi^h-cost  cnergv  sources,  near-term 
actions  on  nuclear  power  can  hardly  be  critical 
to  society's  economic  future.  It  is  as  incorrect  to 
argue  that  nuclear  power  is  "needed  "  now  to 
allow  society  to  continue  its  development  as  it  is 
misguided  to  hope  I  or  fear)  that  societ)  could  be 
forced  into  some  no-growth  Utopia  if  onl\  the 
current  nuclear  program  were  abandoned.  En- 
ergy costs  are  just  not  that  important,  and  nu- 
clear power  will  not  do  much  to  reduce  them  in 
any  case. 

Nevertheless  the  study  concluded  that  unless 
fusion  and  solar  energy  are  developed  as  an  eco- 
nomic source  of  electric  power,  and  unless  a  large 
scale  coal  programme  proves  environmentally  ac- 
ceptable, "in  the  long  nm  of  fifty  years  or  more,  the 
economic  role  of  nuclear  power  could  be  more  cni- 
cial".'  A  comprehensive  Canadian  study  of  these 
(juestions  woidd,  of  course,  include  impacts  of  spe- 
cial concern  to  us,  notably,  considerations  of  bal- 
ance of  payments  and  security  of  fuel  supply. 

During  our  debate  stage  hearings,  the  Cana- 
dian Nuclear  .Xssociation  iCN.\'  pointed  u  ith 
pride  to  the  fact  that:  "The  C.\NDU  technology  is 
Canadian,  the  fuel  is  Canadian  and  all  of  the  equip- 
ment is  or  can  be,  protluced  in  Canada.""  The  prcn  - 
ince  or  country  of  manufacture,  in  fact,  is  not 
greatly  different  for  nuclear  or  coal  stations.  For 
nuclear  stations  it  is  roughly  72  per  cent  Ontario,  9 
per  cent  other  provinces  and  10  per  cent  U.S.  i  Fig- 
ure 8-U.  However,  71  per  cent  of  the  estimated 
cumulative  lifetime  expenditures  of  a  4  x  S.50M\\' 
station  burning  U.S.  coal,  comprises  fuel  costs  and 
this  represents  a  $14.  t  billion  icurrent  dollars'  bal- 
ance of  payment  drain.'  Purchases  of  I  .S.  coal 
amounted  to  $.'318  million  in  1977.' 

Several  participants  stressed  that  a  C.\NDU- 
nudear  programme  was  consistent  \\  ith  the  fed- 
eral government  s  polic\  of  'energ\  self-reliance  . 
Major  objectives  of  this  programme  are  to  reduce 
reliance  on  imported  petrolevun  and  to  alle\  iate  a 
worsening  energ\ -related  balance  of  pa\  inents 
position  through  development  and  use  of  indige- 
nous energy  resources.  Others,  notably  Ontario 
Ihtlro.  brou"ht  the  "self-reliance  "  theme  to  the 
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Figure  8.1  Source  of  Purchases  for  CANDU  Nuclear  Generating  Stations 


SOURCE  Baiied  on  data  from  Ontario  Hvdro. 
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provincial  level,  in  terms  of  uranium  resources  in- 
digenous to  Ontario.  However,  Ontario  Hydro  is 
already  diversifying  its  coal  supply  to  draw  from 
western  Canadian  sources,  thereby  accepting  the 
consequent  penalty  of  higher  fuel  costs.  Large  ura- 
nium requirements  beyond  present  contracts 
would  involve  out-of-province  purchases  (proba- 
bly from  Saskatchewan).  We  endorse  Ontario 
Hydro's  attempts  to  diversify  its  fuel  supply 
sources  not  least  because  of  the  uncertainty  of  U.S. 
coal  supplies  in  the  long  term.  Concomitantly,  our 
reservations  relating  to  the  adequacy  of  Ontario 
uranium  supplies  and  production  capacity  to  en- 
sure self-reliance  for  many  years  using  a  once- 
through  CANDU  fuel  cycle,  are  expressed  in 
Chapter  9. 

Provincial  and  Community-Scale  Economic 
Benefits 

A  number  of  briefs  to  the  Commission  argued  that 
the  high  nuclear,  coal-supported  option  with  its 
large  "front-end"  capital  requirements  would 
place  such  heavy  demands  on  the  financial  re- 
sources of  the  province  that  the  financing  of  an  ade- 
quate effort  to  develop  and  deploy  renewable  op- 
tions would  be  pre-empted.  By  contrast.  Dr.  Ian  A. 
Forbes,  a  panelist  during  the  nuclear  debate  hear- 
ings, concluded  that  the  capital  recjuirements  to 
implement  Amory  Lovins'  "soft  path"  in  the  U.S. 
would  re(iuirc  an  investment  of  well  over  2  per 
cent  of  GNP  over  the  period  1975-2000;  that  it 
would  probably  be  financially  infeasible  and,  in 
anyca.se,  would  exceed  the  capital  recjuirements  of 
a  more  conventional  energy  mix  which  included 
nuclear  reactors. ' 

The  .suggestion  that  Ontario  Hydro's  financial 
requirements  will  "draw  capital  away  "  from  other 
social  needs  is,  we  believe,  oversimplified.  Many 
studies  (including  the  recent  federal  government 
document  "Financing  Canada's  Energy  Self-Reli- 
ance"'') have  concluded  that,  as  the  needs  of  other 
sectors  (e.g.  housing)  decline,  on  account  of,  for 
example,  demographic  changes,  capital  will 
become  available  for  the  energy  sector.  This  a.s- 
sumes  that  there  is  skilful  "inlcrmedialion  "  bv  fi- 
nancial instilulious  aiul  inMo\ali\e  financing  ap- 
proaches consistent  with  new  large  scale  energv 
projects. 


However,  we  consider  that  capital  allocation 
can  and  should  be  influenced  bv  public  policies. 
Many  participants,  for  example,  argued  that  capi- 
tal would  How  to  those  enterprises  promising  a 
good  return  on  investment  and  having  political  and 
regulatory  support.  This  position  was  endorsed  by 
the  CNA,  who  stated  that  "anvthing  that  makes 
political  and  economic  sense  is  financially  possi- 
ble ".'  Not  all  agree  that  a  large  nuclear  power  pro- 
gramme meets  these  criteria. 

The  underlving  issues  in  regard  to  "economic 
sense  "  are  first,  pricing  to  reflect  the  costs  of  nu- 
clear energy  production,  and  secondlv,  the  eco- 
nomic viability  of  the  system  expansion  pro- 
gramme. The  ab.sence  of  subsidies  is  an  important 
condition  for  appropriate  allocation  of  financial 
capital  through  free  market  competition.  Com- 
pared with  other  energy  suppliers,  Ontario  Hydro 
is  subsidized,  by  the  provincial  guarantee  of  its 
bonds.  This  allows  access  to  more  funds  at  prefer- 
red interest  rales.  We  believe  it  would  be  desirable 
if  the  balance  between  electricity  and  non-nuclear 
alternative  energv  developments  were  to  be  equal- 
ized. This  might  be  addressed  through  various  cap- 
ital transfer  schemes,  such  as  government  loans  for 
conservation  and  renewable  technolog)  options  at 
subsidized  interest  rates. 

The  relationship  between  power  plant  con- 
struction projects  and  pro\  incial  and  regional  eco- 
nomic development  is  of  central  significance.  In 
this  connection  it  was  suggested  bv  the  CN.\  that 
the  "very  large  segment  of  general  construction  of 
a  C.\NDl  -nuclear  plant  . . .  provides  a  large  and 
steacK  basis  of  economic  activit\'  in  the  conunu- 
nitv  ".''  But  Ontario  Hvdro  noted  that  electric 
power  projects  are  difficult  to  coordinate  with  eco- 
nomic cvcles;  their  major  local  impact,  for  in- 
stance, was  decribed  as  follows: 

Tlie  effectiveness  of  such  a  stabilization  poiicv  is 
likely  to  Impact  rct;ional!\'  and  iiuiiiicipalK 
ratiicr  liiaii  pio\  inciall\-.  The  direct  impact  will 
he  confined  mainU'  to  the  c-onstniclion  sector  in 
the  inuiicdiate  \  iciiiit\-  of  the  project,  while  the 
piirclui.sos  of  machinerx  and  oi|nipmont  will 
im|)acl  mainlv  the  locations  in  wiiich  produc- 
tion facilities  are  locatocl.  Indirect  and  induc-od 
effects  will  tend  to  he  somewhat  more  wideK' 
spread  hut  to  a  lesser  extent  than  a  more  hroacl!\ 
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based  provintial  or  national  stabilization  pro- 
gramme. Also,  Ontario  Hydro  projects  tend  to 
be  large  and  few  in  number,  thus  reinforcing  the 
locational  concentration  of  economic  activity.** 

Cnmiminitv  impact  studies  undertaken  by 
Ontario  Hydro  indicate  significant  impact  on  mu- 
nicipal services,  resulting  from  the  construction  of 
generating  stations,  particularly  in  areas  remote 
from  urban  centres.  In  recognition  of  this,  Ontario 
Hydro  and  the  Town  of  Newcastle  have  negotiated 
an  agreement  whereby  the  utility  will  compensate 
the  township  to  offset  the  adverse  impacts,  result- 
ing from  construction  of  the  Wesleyville  and  Dar- 
lington generating  stations,  on  various  public  ser- 
vices. Agreements  similar  to  this  are  likely  to 
become  standard  in  the  future  in  connection  with 
the  building  of  large  generating  stations  —  nuclear 
or  fcssil. 

Employment 

The  nuclear  power  programme  has  clearly  pro- 
vided substantial  direct  employment  benefits  and 
through  the  multiplier  effects  of  its  expenditures  in 
the  economy,  a  further  indirect  boost  to  Canadian 
employment  and  income.  For  example,  the  Cana- 
dian Nuclear  Association  estimates  that  the  aver- 
age annual  dollar  value  of  work  as.sociated  with 
Canada's  nuclear  industry  (public  and  private  sec- 
tors together)  over  the  years  1973  to  1976  was  $1.2 
billion.'"  Further,  the  Electrical  and  Electronic 
Manufacturers  Association  of  Canada  (EEMAC) 
has  shown  that  the  currently  approved  nuclear 
programme  of  Ontario  Hydro  (Bnice  A  and  B, 
Pickering  B  and  Darlington  stations),  plus  another 
nuclear  plant  to  be  built  in  the  late  1980s  will  cre- 
ate 88,000  man  years  of  work  in  the  design  and 
constniction  of  the  stations  and  in  as.sociated 
hardware."  Based  on  a  study  by  consultants  to  the 
Ontario  Ministry  of  Industry  and  Tourism,'"  EE- 
MAC has  estimated  that  these  five  stations  would 
create  2,000  permanent  jobs  and,  through  the  em- 
ployment multiplier,  4,000  additional  permanent 
.supporting  jobs. 

In  connection  with  the  front-end  of  the  fuel 
cycle,  Ontario  Hydro's  recently  signed  contracts 


with  Denison  and  Preston  Mines  will  create  di- 
rectly 2,600  permanent  jobs  in  the  Elliot  Lake 


area. 


Although  it  is  obvious  that  a  continuing  nuclear 
power  programme  will  provide  employment,  crit- 
ics maintain  that  nuclear  power  development  is  a 
very  expensive  means  of  creating  jobs"  and  that  it  is 
less  effective  than  similar  investment  in  conser- 
vation or  renewable  energy  in  providing  sustained 
and  broadly  dispersed  employment  opportunites. 
For  example,  the  development  of  small  scale  hy- 
draulic power,  lignite  and  wood,  for  electric  (and/ 
or  thermal)  power  at  appropriate  locations  could 
have  considerable  net  economic  benefits.  Espe- 
cially in  eastern  and  northern  regions  of  the  prov- 
ince, the  creation  of  jofxs  and  income  through  such 
developments  would  be  particularly  helpful.  Fur- 
thermore, for  the  most  part,  the  renewable  re- 
sources involved  would  facilitate  energy  self-reli- 
ance for  both  community  and  province. 

In  November,  1977,  the  Commission  convened 
a  public  seminar  "Energy,  Jobs  and  the  Economy" 
with  major  representation  from  the  Canadian  La- 
f)Our  Congress,  the  Ontario  Federation  of  Labour, 
government  ministries,  provincial  colleges,  public 
interest  groups  and  Ontario  Hydro.  Among  ques- 
tions discussed  were  the  transferability  of  skilled 
labour  between  energy  technologies,  the  role  of 
the  colleges  in  training  skilled  labourers  for  alter- 
native technologies  as  well  as  for  the  current  On- 
tario Hydro  training  programme,  and  the  concerns 
of  the  labour  movement  for  the  health  and  safety  of 
workers  in  the  energy  field.  The  Congress  and  Fed- 
eration officials  stressed,  in  particular,  the  need  for 
long  term  energy  policy  planning  by  governments; 
this  was  regarded  as  essential  to  optimize  the  tim- 
ing of  major  energy  projects. 

The  net  job  creating  advantage  of  energy  op- 
tions is  difficult  to  establish  with  accuracy.  But 
studies  such  as  the  Inhaber  review''  of  the  inputs 
into  various  energy  technologies  suggest  greater 
material  re(juirements  for  the  renewable  options. 
This  implies  more  job  creating  potential  for  these 
options.  However,  analysis  of  energy  options 
should  not  only  consider  the  number  of  jobs,  but 
also  some  of  the  qualitative  impacts  such  as  geo- 
graphic distribution  of  job  opportunities,  stability 
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of  labour  clt'Diaiul,  skill  levels  reciuired,  working 
conditions,  and  organized  lahour's  viewpoints. 

A  recent  study  liy  the  U.S.  Congressional  Office 
of  Technologv  Assessment  "addressed  this  hroader 
range  of  considerations.  While  acknowledging  the 
range  of  uncertainty  that  exists  in  this  relatively 
unexamined  aspect  of  energy  policy,  it  concluded 
that  renewable  technology  employment  need  not 
involve  major  dislocation  of  a  work  force,  or  the 
establishment  of  temporarv  work  camps  as  re- 
(juired,  for  example,  in  the  constniction  of  a  large 
central  generating  facility  in  a  remote  location. 
(This  pattern,  of  course,  is  not  imique  to  nuclear 
power  and  would  apply  to  some  extent  to  other 
conventional  energv  sources,  e.g.  oil  and  gas.)  Fur- 
ther, if  a  major  demand  developed,  for  example,  for 
.solar  energy,  it  is  probable  that  employment  in  the 
area  would  be  as  stable  as  work  in  any  typical 
building  trade.  Moreover,  the  level  of  skill  re- 
(juired  would  be  lower  overall  than  for  conven- 
tional energy  technologies,  and  the  average  wage 
paid  per  worker  might  be  lower  in  any  labour  in- 
tensive technologv  such  as  solar  energv.  However, 
the  study  noted  that  if  economic  growth  is  not  ex- 
pected to  be  sufficient  to  eliminate  unemploy- 
ment, labour  intensive  industries  such  as  the  solar 
industry  would  be  beneficial  to  both  labour  and 
society  by  productively  employing  a  larger  frac- 
t  ion  of  the  work  force. 

Iinplicalions  of  Slower  Nuclear  Growth 

liven  proponents  of  nuclear  power  agree  that  elec- 
tricity supply  should  not  be  expanded  solely  to  pro- 
vide jobs.  We  agree  with  Ontario  Hydro  that:  "the 
demand  has  to  be  there  for  the  technology."''  Con- 
cern was  expressed  to  the  Conunission  about  the 
impact  of  further  slowdowns  in  the  nuclear  power 
progranune  on  employees  of  firms  in  the  industry. 
The  CN.\  (luoted  .'\F]CL  estimates  that  a  nuclear 
moratorium  could  result  in  thetlircct  hiNolf  ol  17.- 
()()()  workers  "plus  many  thousands  more  due  to  the 
multiplier  effect  of  .such  a  massive  amount  of  sud- 
den unemployment".'''  However,  the  CN.\  esti- 
mated that  about  half  of  the  31, ()()()  employees  in 
ihe  nuclear  industr\  ari"  in  the  public  sector,  ied- 
iMal  agencies  or  provincial  utilities,  and  the  re- 
mainder are  in  the  pri\  ate  sector.'"  ll  has  therefore 


been  .suggested  that  the  impact  would  be  less  trau- 
matic because  most  of  the  agencies  involved  have 
roles  other  than  nuclear  related  ones.  The  transfer- 
ability of  employment  from  and  to  the  nuclear  in- 
dustry is  clearly  important  and  merits  in-depth 
study. 

.Several  differing  views  were  offered  to  the 
Commission  on  the  desirability  of  slowing  or  halt- 
ing nuclear  power  development  in  Ontario.  For 
example,  in  the  Commission's  Symposium  of  .Sep- 
tember 26,  1977,  Sir  Brian  Flowers  rejected  a  total 
moratorium  but  reflected  on  the  vvisdoin  of  a  "con- 
struct ive  dragging  of  the  feet"  on  nuclear  plant 
construction.  The  Canadian  Coaliton  for  Nuclear 
Responsibility  (CCNR',  during  our  hearings, 
called  for  a  two  year  moratoriiun  "to  allow  time  for 
reflection  on  whether  the  massive  sums  lavished  on 
the  nuclear  industry  are  neces.sarily  the  best  use  of 
a  very  limited  resource  —  investinent  capital  for 
Canadian  industrial  development  "." 

However,  .\tomic  Energy  of  C>anada  Limited, 
not  unexpectedly,  had  different  perceptions: 

Nuclear  eiierg\  rc|)rt's<'iits  one  of  llie  \erv  few 
tccliiiologics  with  (lemoiistrated  capal)ilit\  of 
( ()iitril)iiliiig  to  the  energy  .suppK  in  the  next 
fcntnrx  vv  Ikmi  conxentional  oil  and  natural  gas 
are  depleted.  llo\ve\er.  this  option  will  not  he 
available  when  needed  unless  the  nuclear  indu.s- 
tr\  and  infrastrnclure  remain  in  existence.  It  has 
rcn|nired  tuent\  \ears  to  de\elop  a  coninier- 
cialK  \  ial)lc  Canadian  nuclear  indnstrv  whose 
economic  well-hoini;  can  still  not  be  taken  for 
granted.  ' 

^\'e  have  review  ed  two  studies  w  hich  used  eco- 
nomic models  to  anahze  the  effects  of  a  I'.S.  nu- 
clear moratorium  on  lonsumption.  in\estment  ami 
employment  levels,  electricit\  costs,  the  nuclear 
and  coal  industries  and  the  physical  environment." 
The  Oak  Ridge  Associated  Universities  studv  con- 
cludetl  that  a  nuclear  moratoriiun  uoukl  ha\e  a 
"severe"  effect  on  the  economic  \\ ell-being  of 
New  England  w  hich,  because  of  the  high  c-osts  of 
fossil  fuels,  anticipates  a  70  per  cent  tlepemlence 
on  nuclear  power  in  the  future.  In  the  C.reat  Uikes 
states,  which,  like  Ontario,  have  access  to  both 
.Vppalachian  and  \v  estern  coals,  a  nuclear  morato- 
rium would  increase  eleetricil\  costs  but  at  no 
more  than  the  a\era>:e  for  the  U.S.  as  a  w  hole.  The 


130 
A  RACE  AGAINST  TIME 


stiidv  further  concluded  that  50,000  nuclear  re- 
lated jobs  would  be  eliminated.  The  study  consid- 
ered the  most  important  impact  to  be  the  need  for  1 
to  3  billion  additional  tons  of  coal  by  2000,  thereby 
probably  doubling  the  number  of  coal  mining 
deaths  that  would  otherwise  occur.  Greatly  in- 
creased CO,  from  coal-fired  plant  emmissions  was 
regarded  as  the  most  serious  environmental 
problem."' 

Both  studies  concluded  that,  although  nuclear 
power  appears  likelv  to  be  cheaper  than  any  feasi- 
ble alternative  (except  for  some  Western  states 
with  access  to  low  sulphur  strip-mined  coal),  as 
long  as  some  combination  of  a  coal,  oil  or  conser- 
vation  response  to  the  nuclear  moratorium  were 
put  in  place  quickly,  overall  U.S.  GNP  would  de- 
crease by  not  more  than  1  per  cent  annually  by 
1985.  On  the  other  hand,  the  costs  of  not  preparing 
alternative  supply/conservation  programmes 
would  be  very  large,  e.g.,  up  to  30  per  cent  of  GNP 
in  the  event  of  an  uncompensated  100  per  cent 
shortfall  in  the  expected  nuclear  capacity.'^ 

Because  the  information  base  is  far  from  ade- 
quate, at  present  we  can  only  draw  very  general 
conclusions.  We  believe,  in  particidar,  that  in  the 
event  of  a  deliberate  major  nuclear  slowdown, 
Ontario  Hydro  customers  would  face  somewhat 
higher  electricity  bills  and  the  Gross  Provincial 
Product  would  suffer.  This  would  not  be  cata- 
strophic as  long  as  appropriate  alternative  power 
supplies  and  conservation  technologies  and  prac- 
tices were  developed  in  time.  Reactor  manufactur- 
ers and  component  suppliers  would,  of  course, 
suffer  the  most  direct  effect. 

The  Status  of  the  Nuclear  Industry 

The  proponents  of  nuclear  power  have  argued  that 
nuclear  energy  represents  one  of  the  very  few  tech- 
nologies with  a  demonstrated  capability  to  con- 
tribute significantly  to  our  energy  supply  in  the 
decades  ahead,  thereby  providing  an  otherwise 
elusive  potential  for  substantial  energy  self-reli- 
ance based  on  Canadian  technology,  expertise  and 
resources.  They  conclude  that  the  role  of  nuclear 
energy  should  therefore  be  significantly  and 
(juickly  expanded,  most  importantly  to  replace  the 
use  of  li(juid  fuels  which  not  only  will  continue  to 
escalate  in  price  as  existing  reserves  are  depleted 


over  the  next  few  decades  but  which  furthermore 
ought  increasingly  to  be  reserved  for  important  al- 
ternative uses  (chemical  feedstocks,  for  example). 
Events  subsequent  to  the  1973  OPEC  oil  embargo 
added  a  new  urgency  to  this  argument,  bolstering 
further  the  already  high  expectations  within  the 
Canadian  nuclear  industry  for  the  growth  of  nu- 
clear power.  .\s  recently  as  the  simimer  of  1977, 
the  CNA  presented  an  optimistic  view  of  the  fu- 
ture path  of  the  nuclear  power  programme: 

Today  the  Canadian  nuclear  industry  employs 
over  31, ()()()  people,"'  nearly  three-quarters  of 
them  in  Ontario.  By  the  end  of  the  century  em- 
ployment could  more  than  quadruple  to  over 
1.30,0(K)  jobs.  These  jobs  provide  challenging 
employment  opportunities  for  a  wide  range  of 
qualified  and  skilled  individuals.  Steady  growth 
of  nuclear  power,  as  indicated  by  current  plans, 
will  ensure  the  continuing  productive  use  of 
those  now  employed  and  those  being  trained, 
and  will  avoid  dispersing  these  qualified  people 
to  other  industries  or  other  countries.  At  the 
present  time,  manpower  and  other  resources 
are  fairly  closely  matched  to  the  work  which 
needs  to  be  done.  To  date,  the  private  sector  has 
built  up  an  excellent  competence  in  Canada  in  a 
high  technology  industry  and  this  achievement 
in  human  resources  should  be  preserved  and 
expanded  in  line  with  the  needs  for  additional 
nuclear  power.""* 

Other  evidence  and  analysis  f)efore  this  Commis- 
sion, however,  has  suggested  that  the  future  eco- 
nomic health  of  the  Canadian  nuclear  industry  — 
and  therefore  the  future  availability  and  strength 
of  the  nuclear  option  in  Ontario  —  cannot  be  taken 
for  granted. 

During  testimony  and  cross-examination 
before  this  Commission  in  December  1977,  the 
Canadian  Nuclear  Association  (CNA)  registered 
"deep  concern"  with  respect  to  the  health  of  the 
industry  over  the  next  ten  years.-'  Both  Atomic 
Energy  of  Canada  Limited  (AECL)  and  the  CNA 
noted  that  the  structure  of  the  likely  Canadian 
domestic  demand  for  nuclear  power  over  the  re- 
mainder of  the  century  —  then  projected  to  be  82,- 
000  MW  installed  by  2000,  of  which  47,000  MW 
would  be  in  Ontario  —  is  now  insufficient  to  keep 
industry  work  loads  at  satisfactory  levels,  particu- 
larly over  the  critical  next  decade.  Earlier,  more 
optimistic  projections  for  the  growth  of  nuclear 
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power  in  Canada  have  not  materialized,  we  were 
told,  partly  because  the  compulsion  to  turn  to  nu- 
clear energy  has  been  deferred  by  provinces 
blessed  with  adecjuate  supplies  of  conventional 
sources  of  energy.  The  domestic  market  for  nu- 
clear power  therefore  is,  and  will  continue  to  be, 
dominated  by  Ontario  Hydro.  The  CN  A,  however, 
stated  that  even  Ontario  Hydro's  proposed  large 
nuclear  programme  would  not  by  itself  generate 
sufficient  business  to  keep  the  nuclear  industry 
healthy. 

Under  these  circumstance,  the  CNA  informed 
us  that  the  Canadian  nuclear  manufacturing  indus- 
trv  is  currently  operating  at  about  50  per  cent  of  its 
capacity  and  that  even  lower  capacity  utilization 
will  be  experienced  over  the  next  two  to  three 
years.  Given  the  present  projections  for  Canadian 
domestic  nuclear  recjuirements,  both  the  CNA  and 
AECL  emphasized  that  unless  a  successful 
CANDU  export  programme  can  be  mounted  for  at 
least  the  next  ten  years,  some  companies  will  be 
forced  to  withdraw  from  the  industrv  and  techni- 
cal personnel  will  be  dispersed  over  the  next  three 
to  four  years. 

These  assessments  of  the  problems  faced  bv  the 
nuclear  manufacturing  industry  were  based  on  the 
assumption  that  installed  nuclear  capacity  in 
Canada  would  reach  about  82,000  M\V  by  2()(){).  of 
which  some  47, ()()()  MW  would  be  located  in  On- 
tario. A  more  recent  projection,  however,  made 
available  to  us  by  AECL  during  June  1978,  fore- 
casts only  60,000  MW  installed  nuclear  capacity  in 
Canada  by  the  year  2000,  of  which  about  .31,000 
MW  would  be  located  in  Ontario.  Although  the 
lorecasters  note  that  an  upturn  in  the  nation's  econ- 
omy might  lead  to  some  increase  in  this  projection, 
they  also  acknowledge  continuing  uncertaintv  and 
vulnerability  to  further  rctluclions,  particularlv  in 
Quebec's  nuclear  programme,  which  accounts  for 
20,()(X)  M\\'  of  the  60,()()0  MW  now  forecast  for 
Canada  bv  2000.  The  current  forecast  compares 
with  a  1974  Canadian  projection  of  1.31,()(M)  MW 
installed  nuclear  capacity  for  the  vear  20(K). 

Concern  over  the  future  of  the  nuclear  industrv 
in  Canada  led  the  CNA  to  conunission  a  private 
consulting  firm  in  early  1978  to  carrv  out  a  detailed 
assessment  of  the  present  state  and  prospects  of  the 
industrv.  .\lthough  a  final  \ersion  of  this  report  — 


entitled  The  Economic  Impact  of  the  Canadian 
Nuclear  Industry  —  is  not  available  at  present 
(Julv,  1978),  the  initial  findings  of  the  sludv  were 
presented  at  the  CN.\  annual  conference  in  June, 
1978.  The  study's  findings  and  conclusions  confirm, 
document  and  amplify  the  concerns  expressed  by 
the  CN;\  to  the  Commission  late  in  1977  with  re- 
spect to  the  uncertaintv,  lack  of  continuitv  and  low 
order  levels  associated  with  the  C.\NDU 
programme. 

Figure  8-2  and  the  following  kev  points  sum- 
marize the  studv  s  findings. 

•  As  a  result  of  the  optimistic  demand  forecasts 
of  the  early  1970s  for  C.\NDU  units  in  C^an.ida  and 
abroad,  some  60  major  firms  now  empkn  ing  6000 
people  installed  a  manufacturing  capacitv  capable 
of  supph'ing  nuclear  e(juipment  for  an  average  of 
.3000  to  4000  M  W  of  CANDl'  plants  per  vear. 

•  Based  on  the  currenth  confirmed  or  itssured 
domestic  and  export  programmes,  C.VNDU  manu- 
facturing activitv  or  "manufacturing  plant  load- 
ing" will  reach  its  peak  during  1978  and  will  de- 
cline continuouslv  thereafter.  The  6(K)  MW 
Centillv  3  station  in  the  province  of  Quebec  has  not 
been  included  because  althous^h  it  is  conunitted.  it 
has  not  been  firmlv  schetluled.  Its  addition  would 
not,  however,  materiallv  affect  the  downturn. 

•  The  minimum  order  level  which  the  nuclear 
manufactviring  industr\  considers  necessar\  if  ex- 
isting ecjuipment  suppliers  are  to  remain  in  busi- 
ness —  namely,  components  for  an  average  of  1200 
to  1700  MW  of  CANDU  plant  per  year  -  will 
bareU  be  achieved  even  durinti  the  1978  peak  \ear. 
IMant  utilization  across  the  industr\'  currentU  a\er- 
ages  53  per  cent  and  can  only  decline  further  based 
on  the  confirmed  nuclear  programme.  The  situa- 
tion is  so  critical  that  some  m.uiiifacturers  are  al- 
readv  considering  lea\  ing  the  iiuiustr\. 

•  Planned  but  not  vet  conuuitted  additions  to 
Canada's  exist  ing  nuclear  pou  er  programme  to  the 
vear  2(KX)  are  considered  to  be  limited  to  Ontario 
and  Quebec.  Installed  nuclear  capacit\  for  Canada 
in  20(K)  is  projected  to  be  .>3.(XX)  MW.  of  which 
31. (XX)  MW  woulil  be  in  Ontario  and  most  of  the 
remainder  in  Quebec.  This  planneii  ptiuer  pro- 
gramme will,  if  implemented,  result  in  a  ctintinua- 
tion  of  manufacturing  orders,  but  it  will  not  gener- 
ate incre.isetl  work  le\els  for  the  iiulustr\.  The 
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Figure  8.2  Nuclear  Manufacturing  Plant  Loading,  1965-1995 
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health  of  the  industry  as  currently  strutturecl  will 
therefore  remain  critical.  The  effect  of  bringing 
the  planned  programme  forward  by  two  years 
improves  the  situation  temporarily,  but  manufac- 
turing activity  would  still  remain  well  below  ca- 
pacity and  only  slightly  above  the  1978-79  peak. 

•  The  nuclear  design  and  engineering  sector  can 
be  considered  a  vanguard  to  the  manufacturing 
sector,  providing  an  early  indication  of  future  pros- 
pects since  downturns  or  upturns  are  experienced 
first  by  the  design  and  engineering  sector.  If  no 
further  orders  beyond  the  currently  confirmed  pro- 
gramme are  available  over  the  next  two  to  three 
years,  then  the  private  nuclear  engineering  and 
consulting  sector  will  be  operating  at  1 5  per  cent  of 
its  1977  staffing  level  by  1980.  The  public  nuclear 
design  and  engineering  sector  will  be  similarly 
affected,  but  more  slowly.  Once  dispersed,  this 
expertise  is  not  readily  re-established. 

The  study  concludes  by  emphasizing  that  if  the 
nuclear  industry  is  to  survive,  coordinated  and 
immediate  action  is  necessary  to  generate  continu- 
ity and  sustained  orders.  Confirmation  of  the 
planned  "post-Darlington"  domestic  programme 
is  urged.  To  fill  the  remaining  large  (1500  MW  per 
year)  order  gap,  three  basic  options  are  proposed, 
presumably  to  be  pursued  simultaneously. 

First,  the  study  proposes  that  the  domestic  nu- 
clear power  programme  in  provinces  other  than 
Ontario  be  accelerated  or  expanded.  The  potential 
oflered  by  this  option,  however,  nuisl  in  our  view 
be  considered  limited,  particularly  in  light  of  the 
most  recent  C'anadian  forecast  which  again  revised 
downward  the  expected  installed  nuclear  capacity 
by  the  year  2()()0  to  fi(),000  MW.  Other  than  the 
projection  for  Quebec,  which  was  .seen  as  viilnera- 
ble  to  further  redudion,  sizable  new  or  expanded 
progranunes  in  other  |)rovinces.seem  luilikeK . 

The  second  alternative  put  forward  bv  the 
study  proposes  t  hat  fu  rt  her  exports  of  CAN  DU  .sta- 
tions  be  attempted.  Hi-cent  hislorv,  however,  in- 
spires confidence  neillier  in  the  ease  with  which 
Canada  is  likelv  to  achieve  further  exports  bevond 
the  two  reactors  sold  to  ;\rgenlina  and  .South 
Korea,  nor  in  the  conunercial  profilabilitN  ol  sui  h 
ventures,  lllowever,  it  is  encouraging  lo  iiole  the 
recent  (July  1978)  progress  reportedly  being  made 
in  connection  u  ilh  major  potential  C.VNDl'  sales 


to  Rumania.)  To  be  sure,  the  international  reactor 
market,  overwhelminglv  dominated  by  the  light 
water  reactor,  is  a  highly  competitive  business  to 
which  CANDU  is  not  only  a  late-comer  but  some- 
what of  an  aberration.  Having  a  good  product, 
probably  even  the  best  product,  appears  not  to  be 
sufficient. 

Furthermore,  evidence  before  the  Commission 
confirms  that  the  most  likely  and,  from  the  manu- 
facturing industry's  point  of  view,  the  most  bene- 
ficial, export  market  forC.\NDL'  is  in  Ix'ss  Devel- 
oped Countries  (LDO.  The  acceptability  and 
potential  of  the  LDC  market  may,  however,  be 
limited  in  some  instances  by  political  corvsidera- 
tions  or  concern  over  the  application  of  Canada's 
stringent  safeguards.  For  these  reasons,  exports  to 
industrialized  nations  mav  be  preferable  if  they 
can  be  achieved.  Such  potential  buvers,  however, 
mav  well  already  be  using  the  more  established 
light  water  reactor  and,  unlike  the  LDCs,  will  al- 
most certainly  possess  and  wish  to  employ  their 
own  engineering  and  manufacturing  capability. 
Hence,  CANDU  imits  exported  lo  industrialized 
nations  are  likely  to  take  the  form  of  liceasing  ar- 
rangements whereby  the  licensee  would,  for  a  fee, 
be  allowed  to  use  the  C.\NDl'  design  lo  produce 
and  use  C.\NDU  reactors  and  ultimaleK  market 
them  abroad.  Such  an  arrangement  is  currentl\ 
under  consideration  by  an  Italian  firm  and  the  gov- 
ernment of  Rumania  and  if  successful  would  help 
to  get  more  C.\NDl'  units  operating  outside 
Canada. 

VVe  have  been  told,  however,  thai  the  private 
Canadian  nuclear  manufacturing  induslr\  is  con- 
cerneil  thai  this  approach  to  marketing  C.WDl' 
could  result  in  minimal  Canadian  content  bevond 
the  first  unit  built  and  that  the  effect  on  the  lonij 
term  viabilit\  of  the  C^anadian  nuclear  industr\ 
therefore  could  indeed  be  counter-productive,  not 
least  because  the  licensing  approach  will  create 
foreign  producers  of  C.\NDl'  reactors  with  which 
{^anailian  manufacturers  will  have  to  ct)nn^>ete  in 
liie  future. 

.\  further  approach  to  making  C.VNDl'  exjxirts 
more  altraiti\e.  proposed  b%  .VF.CU,  and  rejxirt- 
edlv  part  of  the  discussions  with  Jajwn.  would  \m:  to 
offer  guaranteed  or  preferenl  iai  access  to  Giiwdian 
uranium  to  a  purchaser  of  C.VNDl'  units.  Such  an 
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approach  would  appear  to  be  an  iniaginative  mar- 
keting strategy-  Depending  on  the  nature  of  the 
arrangement  and  the  (juantities  involved,  however, 
this  strategy  could  have  important  and  possibly 
adverse  ramifications  on  both  the  uranium  produc- 
tion capacity  available  for  future  Canadian  use  and 
the  relationships  with  our  existing  uranium 
customers. 

A  third  option  offered  by  the  study's  authors  to 
fill  the  order  gap  suggests  the  construction  of 
CANDU  stations  in  Canada  committed  to  export 
electricity  to  possible  markets  in  the  United  States. 
We  are,  of  course,  familiar  with  this  concept.  A 
preliminary  study  for  the  Ministry  of  Industry  and 
Tourism  presented  to  the  Commission  suggested 
further  exploration  of  the  possibility  of  a  CANDU 
plant  constructed  and  managed  by  Ontario  Hydro 
and  owned  bv  an  approved  consortium,  dedicated 
to  the  export  of  electricity  to  the  United  States. 

Because  of  the  significance,  from  many  points 
of  view  (socioeconomic,  political  and  environmen- 
tal), of  this  proposal,  we  present  briefly  below  the 
argiunents  for  and  against  it.  We  have  concluded 
that  the  proposal  should  not  be  dismissed  out  of 
hand  and  deserves  further  in-depth  study. 

The  Case  for  the  Proposal 

•  at  present,  many  tonnes  of  uranium  are  being 
exported  by  Ontario.  If  a  portion  of  these  exports 
were  diverted  for  the  production  of  electricity  in 
Ontario,  the  environmental  impact  of  the  mill  tail- 
ings (which  we  regard  as  a  most  serious  waste  dis- 
posal problem)  would  be  unchanged,  but  a  high 
value-added  export  commodity  (electricity)  would 
replace  a  low  value-added  mineral  with  favourable 
balance  of  payments  results; 

•  the  design  and  construction  of  the  station 
would  create  a  large  number  of  jobs  for  profes- 
sional, technical  and  skilled  workers  in  the  prov- 
ince, and  enhance  the  health  of  the  Canadian  nu- 
clear industry; 

•  the  firm  export  of  electricity  to  the  United 
States  (especially  during  a  possibly  critical  period 
of  energy  shortages,  during  the  199()s  and  beyond) 
would  enhance  Canada's  international  standing; 

•  the  export  of  CANDU  reactors  and  technology 
might  he  facilated  since  some  nations  might  be 
encouraged  to  consider  using  the  CANDU  system; 


•  the  agreement  could  state  that  the  plant  would 
become  the  property  of  Ontario  Hydro  after  a  cer- 
tain period  so  that  there  would  be  no  permanent 
alienation  of  a  valuable  waterfront  site; 

The  Case  (igainst  tlie  Proposal 

•  until  the  problems  of  radioactive  waste  dis- 
posal are  solved,  beyond  rea.sonable  doubt,  it 
would  be  very  undesirable  to  build  a  nuclear 
power  station  dedicated  for  export  of  electricity  to 
the  United  States.  The  radioactive  wastes  would  be 
deposited  in  Ontario,  the  high  (}uality  energy 
would  be  exported; 

•  as  long  as  there  remains  even  a  small  risk  of  a 
major  nuclear  power  station  accident  (which  there 
will  always  be)  Ontarians  should  not  be  exposed  to 
additional  risk  while  another  coimtrv  reaps  the 
benefits; 

•  after  thirty  to  forty  years'  operation  a  nuclear 
reactor  requires  decommissioning;  this  may  not 
onlv  be  a  hazardous  procedure  but  will  involve  dis- 
posing of  a  considerable  amount  of  radioactive 
material; 

•  a  site  will  have  to  be  acquired,  thus  reducing 
the  options  available  to  Ontario  Hydro; 

•  the  building  of  a  CANDU  power  station  would 
require  a  large  capital  outlay,  which  would  have  to 
be  borrowed. 

•  if  there  are  major  technological  breakthroughs, 
especially  in  breeder  reactors,  nuclear  fusion,  or 
solar  electric  energy,  electric  power  generated  by 
CANDU  reactors  may  be  non-competitive  by  the 
early  years  of  the  next  century; 

•  it  is  not  clear,  based  on  evidence  to  date  that 
there  will  in  fact  be  a  sizable  and  long  term  market 
in  the  U.S.  for  electricity  generated  by  CANDU 
units  in  Canada. 

In  the  event  that  the  pursuit  of  any  or  all  of  the 
above  mentioned  options  does  not  provide  timely, 
sufficient  and  sustained  relief  to  the  nuclear  manu- 
facturing industry,  the  immediate  and  preci.se 
impact  on  Ontario  Hydro's  proposed  nuclear  pro- 
gramme is  difficult  to  predict.  Some  manufacturers 
would  be  forced  to  leave  the  industry  as  rational- 
ization took  place  and  unused  capacity  is  removed. 
Single  or  monopoly  suppliers  may  remain  to  pro- 
vide components  to  Ontario  Hvdro,  replacing  the 
generally  two-supplier  industry  which  now  exists. 


135 
SOCIAL  IMPACTS  AND  IHK  S  r  A  11  S  OK  [\{E  Nl  CLKAR  INDl  STRV 


Costs  to  Ontario  Hydro  might  rise  l)y  an  estimated 
10  per  cent  if  a  protected  rather  than  a  competitive 
industry  were  to  emerge.  However,  it  is  not  clear 
whether  the  remaining  single  suppliers  would 
have  sufficient  capacity  to  meet  Ontario  Hydro's 
needs,  or  whether  the  committed  nuclear  l)usiness 
offered  by  Ontario  Hydro  would  be  characterized 
by  the  appropriate  timing,  continuity,  size  and  sta- 
bility to  sustain  a  full  range  of  component  manu- 
facturers for  an  indefinite  period.  The  possibility 
that  some  CANDU  station  components  might  have 
to  be  imported  from  foreign  suppliers  can  there- 
fore not  be  ruled  out. 

Clearly,  even  if  it  is  assimied  that  the  31, ()()() 
MW  of  CANDU  plant  now  forecast  to  be  installed 
in  Ontario  by  2000  will  in  fact  be  needed  and  built. 


the  strength  and  very  availahilitv'  of  the  nuclear 
option  to  Ontario  in  the  198()s  and  bevond  is  criti- 
cally dependent  upon  the  success  of  the  three  op- 
tions out  lined  af)oye.  However,  neither  the  content 
nor  the  outcome  of  at  least  the  first  two  of  these 
strategies  —  expanding  the  df)mestic  nuclear  pro- 
gramme outside  Ontario  or  attempting  further 
CANDU  exports  —  is  likeK  to  be  amenable  to  sig- 
nificant influence  or  control  1)\  the  Prcjv  ince  of 
Ontario.  Furthermore,  the  potential  represented 
by  the  three  options  is  unclear  and  may  be  insuffi- 
cient to  fill  the  1500  MW  annual  order  yap  re- 
(juired  to  provide  a  stable  environment  for  the 
manufacturing  industry.  It  is  therefore  difficult  to 
a\()id  the  conclusion  that  the  nuclear  option,  far 
from  guaranteeing  energy  self-reliance  for  On- 
tario, at  best  promises  imcertaintv. 


Chapter  Nine 

Uranium 
Resources 
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'NTARIO  Hydros  cur- 
rent commitment  to  nuclear  power,  a  total  of 
twenty  reactors  at  Pickering  A  and  B,  Bruce  A  and 
B  and  Darlington,  represents  an  investment  by  the 
people  of  Ontario  in  excess  of  $14  billion.  Further- 
more, Ontario  Hydro  has  proposed  that  future  ad- 
ditions to  its  base  load  generating  capacity  be  made 
at  a  ratio  of  two-thirds  nuclear  to  one-third  coal. 
Depending  on  the  forecast  for  future  electrical 
energy  demand,  such  an  ambitious  strategy  coidd, 
if  approved  and  implemented,  make  Ontario  one 
of  the  most  nuclear-dependent  jurisdictions  in  the 
world  by  early  next  century.  The  viability  of  such 
an  approach  to  planning  Ontario  s  future  electrical 
system  is  fimdamentally  contingent  upon  the  avail- 
ability of  very  large,  long-term  and  secure  supplies 
ofuraniiun  to  Ontario  Hydro  to  fuel  what  would  be 
a  massive  capital  investment  in  nuclear  povv  er. 

A  principal  and  recurring  argiuiient  heard  by 
this  Commission  has  suggested  that  C.VNDl'  tech- 
nology represents  a  unicjueK  attractive  encrg\ 
option  since  it  is  based  on  the  use  of  natural  ura- 
nium with  which  Canada  and  Ontario  are  well 
endowed.  For  Ontario,  this  argiunent  seems  even 


more  compelling  since  uranium,  we  have  been  told 
by  nuclear  proponents,  is  the  "only'  significant  and 
unexploited  energy  resource  indigenous  to  the 
province  which  offers  the  potential  for  a  degree  of 
energy  self-reliance. 

In  our  view,  this  argument  forms  what  is  per- 
haps the  most  central  and  strategic  rationale  in  the 
case  for  an  expanding  and  large  commitment  to 
nuclear  energy  in  Ontario  in  the  decades  ahead.  .\s 
other  parts  of  this  report  indicate,  we  have  con- 
cluded that  although  uranium  is  an  extremely  im- 
portant resource,  it  is  not  the  only  remaining,  unex- 
ploited energy  resource  indigenous  to  Ontario. 
Furthermore,  there  is  almost  universal  agreement 
that  if  nuclear  power  is  to  play  a  major  role  in  sup- 
plying the  province's  energy  needs  in  the  longer 
term,  that  is  to  sav  well  into  the  next  century,  then 
we  will  have  to  develop,  and  hence  accept  the  in- 
evitably higher  risks  as  well  as  the  benefits  of,  more 
advanced  fuel  cycles  ba.sed  on  the  recycling  of  plu- 
tonium  or  the  "breeding  "  of  fissile  U-23-3  from  fer- 
tile thoriiun. 

More  importantly,  however,  we  ha\e  con- 
cluded that  the  future  availability  of  Ontario  or 
Canadian  uranium  to  Ontario  Hydro,  in  the  (juanti- 
tiesand  at  the  pricesand  times  it  may  be  desired  for 
a  large  nuclear  programme  in  the  1990s  and 
f)eyond,  may  be  subject  to  an  unpredictable  and 
highly  complex  set  of  parameters  likely  to  be  ame- 
nable to  only  minor  control  by  the  Government  of 
Ontario.  .\s  the  recent  report  of  the  Ontario  Select 
Committee  on  Ontario  Hvdro  .\fTairs  e.xamining 
Ontario  Hydro's  $7  billion  uranium  contract  for  its 
existing  nuclear  commitment  stressed,  the  exis- 
tence of  large  uranium  reser\es  in  the  ground  in 
Ontario  does  not  guarantee  that  this  re.source  w  ill 
be  produced  at  a  price  acceptable  to  Ontario  Hy- 
dro. If  uranium  increasingK  becomes  a  global,  str.i- 
tegic  resource  replacing  dw  iiulliug  and  uncertain 
supplies  of  petroleum,  then  the  complexity  and 
difficulty  of  future  uraniiun  contract  negotiations 
should  not  be  untlerestimated.  Potential  supplies 
and  production  capabililes.  go\ernment  jxiliiies 
on  uraniiun  exports  and  the  nature  of  the  interna- 
lion.il  market  in  uraniiun  w  ill  all  l>e  im^xirtant  fac- 
tors in  the  future  of  nuclear  pow  er. 


l3-> 
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Figure  9.1  Uranium-Bearing  Areas  in  Canada  Assessed  in  1976 


SOURCE  EnertT\ ,  Mines,  and  Resources  Canada. 
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The  Canadian  and  Ontario  Uranium 
Resource  Potential 

The  OPEC  oil  embargo  in  1973  caused  a  dramatic 
turnaround  from  what  had  been  a  buyer's  to  a  sell- 
er's market  in  uranium  as  customers  moved  to  ac- 
quire long  term  uranium  supplies  for  nuclear  gen- 
erators to  reduce  their  dependence  on  OPEC  oil.  In 
response  to  these  circumstances,  the  international 
spot  price  for  uranium  has  escalated  from  under 
$10  a  kilogram  in  early  1973  to  the  $130  a  kilogram 
level  in  early  1978,  a  formidable  increase  even 
compared  with  the  four-fold  increase  in  the  price 
of  oil  over  the  same  period.  One  effect  of  this  price 
increase  has  f)een  a  rapid  rise  in  exploration  ex- 
penditures in  Canada  over  the  past  four  years  to  an 
estimated  $72  million  during  1977.  This  effort  is 
currently  being  surpassed  only  in  the  United 
States,  where  over  $250  million  was  spent  on  ura- 
nium exploration  in  1977. 

As  part  of  the  federal  government's  support  for 
a  development  programme,  Canada  established 
the  Uranium  Resource  Apprai.sal  Group  in  Sep- 
tember 1974  to  provide  a  data  base  for  government 
and  industry  and  to  audit  annually  Canada  s  ura- 
nium resources.  This  group's  third  annual  assess- 
ment, completed  in  early  1977,  suggests  that 
Canada  is  well  endowed  with  uranium  and  pos- 
sesses geological  formations  favourable  to  the  iden- 
tification of  additional  resources  (Figure  9-1  and 
Table  9-1).  The  quartz  pebble  conglomerate  in 
the  Elliot  Lake  and  Agnew  Lake  regions  of  Ontario 
contain  over  60  per  cent  of  Canada's  presenllv 
known  and  economic  uranium  re.sources.  Over  60 
per  cent  of  Canada's  estimated  additional  re- 
sources are  also  in  Ontario. 

While  this  analysis  suggests  that  Canada  and,  in 
particular,  Ontario  are  in  an  enviable  position  with 
respect  to  the  uranivun  resource  base,  a  ninnber  of 
additional  factors  nuist  be  understood  and  weighed 
if  a  prudent  and  realistic  assessment  of  future  sup- 
plies is  to  be  made: 

•  four  categories  associated  with  varving  levels 
of  confidence  are  used  to  estimate  Canadian  ura- 
nium re.sources.  The  "measured"  categorv  can  be 
considered  to  be  |iro\en  \\  illi  a  1 W  per  cent  confi- 
dence level  and  the  "indicated  categorv  is  gener- 
ally considered  to  be  accurate  to  within  plus  or 
minus  20  per  cent  of  the  estimate,  vielding  an  80 


per  cent  confidence  level.  The  sum  of  these  two 
classifications  is  designated  "reasonably  assured  ". 
The  third  category,  "inferred  ",  is  considered  bv 
the  Uranium  Resource  .Appraisal  Croup  to  have  a 
70  per  cent  confidence  level.  However,  Dr.  David 
Robertson,  a  consulting  geologist  to  Ontario  Hv- 
dro,  informed  the  Commission  that  reserves  desig- 
nated as  "inferred  "  have  such  a  low  level  of  confi- 
dence associated  with  them  that  organiziitions 
such  as  the  Ontario  Securities  Commission  and  the 
Securities  and  Ejcchange  Commission  in  the  United 
States  will  not  permit  their  inclusion  in  a  prospec- 
tus. Dr.  Robertson  stated  that  the  level  of  confi- 
dence in  the  resources  in  the  final  categorv,  "prog- 
nosticated ",  must  be  considered  to  be  zero,  and 
that  the  numbers  bear  no  relationship  to  an\'  fac- 
tual measurements. 

•  As  Table  9-2  indicates,  onlv  a  small  percentage 
of  Canada's  and  Ontario's  total  uranium  resources 
are  in  the  first  two  high  confidence  categories.  On- 
tario's reasonably  assured  uraniiun  resources  total 
approximately  125,(XX)  tonnes  at  prices  up  to  $1.56 
per  kilogram,  about  1.5  limes  the  international 
spot  price  for  uranium  in  early  1977  when  the.se 
figures  were  calculated.  Ontario  has  existing  ex- 
port conunitments  of  approximatelv  62.{XX) 
tonnes.  In  addition,  Ontario  Ihclro  recentlv  re- 
ceived approval  to  purchase  about  76.(KK)  tonnes  of 
uraniimi  from  Preston  and  Denison  Mines  over  the 
next  fortv  vears  to  fuel  all  its  currenlK  committed 
stations  for  thirtv  vears  at  SO  per  cent  c.ipacitw' 
These  commitments  total  approximateb  1 3S.(XX) 
tonnes  and  will  therefore  "deplete  the  current 
"reasonablv  assured"  supplies. 

•  The  large  proportion  of  Canadian  .md  Ontario 
uranium  resources  in  the  low  confidence  le\el  "in- 
ferred" and  "prognosticated"'  categories  makes  it 
clear  that  exploration  wiU  be  critical  if  sotne  pro- 
jiorlion  of  these  large,  atlditional  estimatetl  (juanli- 
ties  of  uranium  is  to  be  brought  into  the  two  "rea- 
.sonabh'  assured"  categories  and  protluced. 
Elxploration  is  howe\er.  an  extrcmeK  risk\  busi- 
ness re(juiriug  increasingU'  large  amounts  of  capi- 
tal which  mav  not  lie  entirelv  available  in  Quiada. 
Indeed,  most  of  the  recent  large  exjienditures  on 
uranium  exploration  in  C^uiail.i  o\er  the  j>.i.st  four 
\ears  (o\er  half  this  activit\  was  in  Saskatchewan 
in  1977)  have  come  from  foreign  sources.  .Mthough 
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Table  9.1  Major  Recoverable'  World  Uranium  Resources  -,  1977 


Source 


Reasonably  Assured 
(Thousands  of  Tonnes) 


Estimated  Addition 
(Thousands  of  Tonnes) 


Total 


Australia 
Niger 

South  Africa 
United  States 


Canada 
Ontario 
Saskatchewan 


296 

160 

348 

643 

Measured 

Indicated 

83 

99 

49 

76 

31 

21 

49 

53 

72 

1,053 


Inferred 


307 

246 

58 


345 

213 

420 

1,696 


Prognosticated 


349 
182 
119 


838 
553 
229 


Dei  tcasjiii;  ronfidciui'  in  i-slirnatcs 

► 

Table  9.2  Uranium  Resources  Recoverable',  by  Category,  1977 

Reasonably  Assured 


Estimated  Additional 


Total 


Measured 


Indicated 


Inferred  Prognosticated 


100% 
confidence 


80% 
confidence 


70% 
confidence 


0% 
confidence 


Canada 

(per  cent  of  total 

resources  1 

Ontario 

(per  cent  of  total 

resources) 

10 


12 


14 


37 


44 


41 


33 


100 


100 


1  At  up  to  $156  per  kilot^rain,  al)oiit  1.5  tintes  tiie  iiitej national  spot  price  when  these  figuies  u  're  (  alrnlaled. 

2  Conipaiative  fillies  are  approximate  lieealise  of  the  variations  in  the  resoniee  elassifit  ation  systems  used  \>y  different 

nations  and  international  organizations.  The  most  reeenl  Uianinni  Appraisal  Group  report,  published  in  July  1978, 
was  not  available  when  this  data  was  prepared,  but  it  wotdd  change  the  Canadian  fit^uies  only  marginally, 

SOlfRCE  Ba.sed  on  data  from  Energy,  Mines  and  Resotirces,  Canada  and  the  Organization  for  Economic  Co-operation  and 
Development. 

I    At  up  to  $I5f)  per  kilot;r.nn 

SOURCE  Based  on  data  from  Energy,  Mines,  and  Resources,  Canada, 
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there  are  no  federal  government  restrictions 
unique  to  uranium  exploration,  once  a  project  has 
reached  the  production  stage,  foreign  equity  par- 
ticipation must  be  limited  to  one-third  of  the  total 
assets  involved  in  the  project.  This  federal  govern- 
ment policy  could  inhibit  uranium  exploration  for 
several  reasons.  First,  large  foreign  enterprises,  not 
unlike  their  domestic  counterparts,  do  not  like  to 
commit  risk  capital  out  of  proportion  to  their 
ownership.  Secondly,  Canadian  partners  in  the 
uranium  field,  we  have  been  told,  are  not  always 
easy  to  find.  Finally,  even  if  these  obstacles  have 
been  overcome,  a  foreign  investor  is  faced  with 
uncertainty  as  to  whether  the  uranium  found  and 
produced  can  be  exported.  This  dilemma  was  well 
demonstrated  by  a  recent  year-long  embargo  on 
shipments  of  Canadian  uranium  to  Japan  and  to 
some  members  of  the  European  Economic  Com- 
munity imposed  as  a  result  of  Canada's  tough  new 
safeguards  on  the  export  of  nuclear  materials.  Fed- 
eral policies  will  clearly  be  an  important  determi- 
nant in  the  development  of  uranium  resources. 

•  Dr.  David  Robertson,  in  his  appearance  on  an 
Ontario  Hydro  panel  before  the  Commission,  ex- 
pressed firm  optimism  that  additional  quantities  of 
uranium  could  be  identified  and  found  as  higher 
prices  for  uranium  stimulate  increased  explora- 
tion. However,  he  also  cautioned  that  the  relation- 
ship between  price  increa.ses  and  the  availability  of 
additional  uranium  supplies  is  highlv  imcertain. 
For  example,  despite  growing  exploration  expend- 
itures in  Canada  over  the  past  four  years  as  a  result 
of  a  ten-fold  increa.se  in  international  spot  prices, 
the  total  potential  Canadian  uraniiuu  resource 
ba.se  in  all  four  categories  grew  onlv  about  21  per 
cent  during  the  period. 

Canadian  I'ranium  Policy 

The  degree  to  which  and  the  rate  at  which  nuclear 
power  could  be  expanded  in  Ontario  in  the  decades 
ahead  is,  in  the  first  instance,  clearly  a  fvmction  of 
the  confidence  levels  associated  with  the  potential 
uraniiuu  resource  base.  1  lowever,  to  make  realistic 
judgements  about  these  (juestions  the  Canadian 
and  Ontario  situal  ions  must  be  viewed  and  assessed 
in  an  international  context.  Most  of  the  nations  that 
appear  conunilted  to  very  large  nuclear  power 
programmes  —  West  Cermanv,  Japan  and  France, 


to  name  a  few  —  do  not  have  indigenous  uranium 
resources.  Canada,  on  the  other  hand,  possesses 
approximately  20  per  cent  of  the  western  world's 
currently  estimated  total  uranium  resource  poten- 
tial. Indeed,  as  Table  9-1  illustrates,  Ontario  has  a 
total  uranium  potential  currently  exceeded  by  only 
one  jurisdiction  in  the  world,  that  of  the  United 
States.  It  is,  in  our  view,  imlikely  and  perhaps  even 
undesirable,  that  a  Canada  so  potentially  well  en- 
dowed with  energy  resources  could  iasulate  itself 
from  the  future  strategic  energy  requirements  of 
our  important  trading,  political  and  military  part- 
ners whose  energy  prof)lems  appear  to  be  far  more 
.serious  than  our  own  and  whose  general  economic 
well-being  is  of  vital  importance  to  us.  Certainly, 
an  unenlightened  Canadian  posture  on  these  mat- 
ters could  imply  serious  economic  and  political 
risks  for  Canada.  Therefore,  the  projected  growth 
in  world  nuclear  power  and  the  concomitant  ura- 
nium recjuirements  are  of  considerable  conse- 
quence to  decisions  aliout  the  future  role  of  nuclear 
energy  in  Canada  and  in  Ontario. 

In  a  recently  published  joint  report  on  ura- 
nium, the  OECD  Nuclear  Energy  Agency  and  the 
International  .Atomic  Energ\-  .\genc\'  ha%e  revised 
dow  nwards  their  forecast  for  world  nuclear  power 
growth.  This  latest  revision,  due  to  a  variety  of  fac- 
tors, forecasts  a  world  nuclear  generation  capacity 
between  10(X)and  1890  CiW  by  2CKK).  replacing  an 
earlier  estimate  of  2005  to  2480  CW.  The  lower 
limit  of  this  new  forecast  is  considered  to  be  the 
most  likely  pattern  because  it  is  based  on  present 
trends  in  energy  utilization.  These  downward  re- 
visions reduce  the  anticipated  demand  for  the 
worlds  uranium  resources  and  will  tend  to  in- 
crease the  adeejuacv  of  existing  uranium  reser\es. 
The  report  goes  on,  however,  to  caution  that  the 
lower  demand  estimates  for  uranium  are,  in  part. 
ofTset  bv  the  general  recognition  that  commercial 
recycling  of  spent  fuel  will  now  probabh  not  take 
place  before  the  1990s.  Ihider  these  comlitions.  the 
world's  current.  rea.sonabK  assured  uranium  re- 
serves will  be  committed  under  the  higher  nuclear 
growth  forecast  bv  1986  and  for  the  lower  projec- 
tion by  1988  to  cover  the  lifetime  reijuirenients  of 
reactors  in  being  at  that  time.  Even  if  spent  fuel 
were  reprocessed  and  rec\cled  as  earl\  as  possible 
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Table  9.3 

Uranium 

Commitments, 

Canada 

and  Ontario 

Canada  Ontario 

(Thousands  of  tonnes)  (Thousands  of  tonnes) 


Projected  Nuclear  Capacity'  by  2000 

Cumulative  Consumption  to  2000 
30-year  Consumption  to  2030 
Existing  Export  Commitments 


82,000  MW      60.000  M\V        47,0(X)  M\V     31,000  MW 


9.5.0 

80.0 

70 

56 

345.0 

254.0 

200 

131 

73.4 

73.4 

62 

62 

Total  Committed 


513.4 


407.4 


332 


249 


Table  9.4  Uranium  Resources  Recoverable',  Canada  and  Ontario 


Category- 


Canada 

(Thousands  of  tonnes) 


Ontario 

(Thousands  of  tonnes) 


Measured 
Indicated 
Inferred 


83 

99 

307 


49 

76 

246 


Total 

489 

371 

Adjusted  Reserve^ 

377 

282 

SOURCE  (Table  9,3)  Estimates  by  Royal  Commission  on  Electric  Power  Planning 

1  At  up  to  $156  per  kilogram. 

2  The  Slim  of  tonages  in  the  measured.  Indicated  and  inferred  categories  weighted  with  factor.s  of  1.0.  0.8  and  0.7 
respectively  to  reflect  reliability. 

SOURCE  {Table  9.41  Basetl  on  data  from  Ener^-.  Mines,  and  Resources.  Canada. 
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—  generallv  thought  to  he  ahout  1985  —  these  re- 
serves would  be  comiuitted  only  two  to  three  years 
later.  Thus,  on  an  International  hasis,  presently 
known  and  reasonably  assured  uranhun  reserves 
will  be  insufficient  to  meet  the  demand  by  1990. 
The  authors  therefore  conclude  that  the  world  ura- 
nium industry  faces  a  "formidable  challenge"  and 
that  existing  reactor  systems  "must  in  time  be  re- 
placed by  more  advanced  reactor  systems  that  will 
conserve  uranium  resources  if  nuclear  power  is  to 
play  a  major  role  in  supplying  world  energy  needs 
in  the  longer  term".- 

In  view  of  Canada  s  uranium  position  in  rela- 
tion to  the  international  situation,  the  Canadian 
federal  government,  which  has  jurisdiction  over 
uranium,  in  September  1974  announced  a  new  ura- 
nium policy  designed  to  allow  and  encourage  the 
Canadian  uraniimi  industry  to  continue  to  partici- 
pate fully  in  the  rapidly  growing  and  highly  lucra- 
tive world  market  while  attempting  to  ensure  that 
Canadian  domestic  requirements  could  be  ful- 
filled. To  achieve  this  objective,  the  policy  reijuires 
that:  sufficient  uranium  be  reserved  for  domestic 
use  to  enable  each  nuclear  reactor  operating,  com- 
mitted, or  planned  ten  years  into  the  future  to  be 
fuelled  at  an  average  annual  capacity  factor  of  80 
per  cent  for  thirty  vears;  export  contracts  be  lim- 
ited to  a  maximiun  duration  of  ten  vears,  with  con- 
tingent approval  for  an  additional  five  years;  and 
utilities  maintain  a  contracted  fifteen  vear  forward 
.supply  lor  all  operating  and  committed  reactors. 

Under  this  policy  each  Canadian  uranium  pro- 
ducer is  recjuired  to  maintain  a  certain  level  of  re- 
serves for  domestic  use.  hi  assigning  the  domestic 
allocation  amongst  C>anadian  uranium  producers, 
resources  in  the  three  categories  —  measured,  indi- 
cated and  inferred  —  are  included  but  with  weight- 
ing factors  of  1 .0,  0.8  and  0.7  respectively  to  refiect 
the  varying  reliabilities  associated  with  each  cate- 
gory. The  sum  of  the  weighted  tonnages  is  termed 
the  "adjusted  reserve".  Currently,  to  meet  the 
thirty  year  fuel  re(juircments  of  the  16,240  MW 
now  operating  or  committed  in  Canada  in  the  ten 
year  forward  period  to  1988,  the  protected  "allo- 
cated domestic  reserves"  which  Canatliau  produc- 
ers nuist  collectively  set  aside  total  approximately 
7(),(M)0  tonnes  or  about  21.5  per  cent  of  the  "ad- 
justed resei've". 


.'Mthough  the  federal  uranium  policy  appears 
to  guarantee  that  adecjuate  supplies  of  uranium 
will  be  available  to  meet  the  needs  of  domestic 
utilities,  the  policy  has.  in  our  view,  serious  limita- 
tions from  the  Ontario  point  of  view  which  are 
discussed  below.  In  addition,  if  current  official  pro- 
jections for  the  growth  of  nuclear  power  in  Canada 
to  the  year  2000  are  compared  with  existing  esti- 
mates of  our  seemingly  large  potential  uranium 
resource  base,  it  appears  that  the  Canadian  domes- 
tic situation  with  respect  to  the  suppK  and  de- 
mand for  uranium  will  not  be  significanlK  differ- 
ent from  the  world  context  described  earlier.  Until 
recently,  official  projections  of  the  most  probable 
nuclear  power  grow  th  rates  in  Canada  forecasted  a 
total  installed  capacity  of  approximately  82, (KM) 
M\V  in  Canada  by  2000.  It  is  generally  assumed 
that  slightly  more  than  half  of  this  capacity  —  about 
47,000  MW  according  to  Ontario  Hydro's  I-Xing 
Range  Forecast  48.\  (LRF  IH.V  -  would  be  in  On- 
tario. While  this  report  was  in  preparation  we  re- 
ceived revised  forecasts  which  now  project  in- 
stalled nuclear  capacities  of  60,000  and  31, (MX) 
MW  in  Canada  and  Ontario  respectively  by  2000. 
Tables  9-.3  and  9-4  summarize  the  impact  of  the.se 
projections  on  the  uranium  resource  base  if  it  is 
assumed  that  no  rec\cling  of  spent  fuel  lakes  place 
before  2000  and  no  further  uraniiun  exports 
bevond  existing  commitments  are  undertaken. 
Even  when  the  resources  in  all  of  the  three  catego- 
ries are  used  but  weighted  for  reliabilit\,  the  nu- 
clear capacity  projected  to  be  in  place  in  Canada 
by  2000  in  both  the  82,000  and  the  60.(KK)  MW 
forecasts  could  not  be  fuelled  for  its  assumed  thirty 
\ear  lifetime  to  20.30.  CiertainK.  no  additional  nu- 
clear capacity  could  be  added  after  2(XX)  without 
heavy  reliance  on  resources  currently  in  the  prog- 
nosticated category,  which  must  be  considered  to 
have  a  zero  level  of  reliabilit\  until  exploration  can 
bring  some  of  these  resources  into  a  higher  confi- 
dence le\el  categor\ . 

Tables  9-.3  and  9-4  suggest  that  the  situation  for 
Ontario  is  slightK  but  not  significanlK  more  fa- 
\ourable.  If  Ontario  were  to  rel\  on  uranium  re- 
sources indigenous  to  the  pro\  ince.  the  resources 
in  the  three  categories,  weighted  to  reflect  reliabil- 
ity would  be  insufficient  to  fuel  47,(XK)  MN\'  of 
nuclear  capacity  iLRF  48.\^  in  Ontario  bv  2(XX1  for 
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Table  9.5  Major  World  Attainable  Uranium  Production  Capacities  1976-1990 


1976 


1985 


1990 


Countrv 


Thoiisaiicls 
of  tonnes 


Per  cent  of 
western 
world  total 


Thousands 
of  toruies 


Per  cent  of 
western 
world  total 


Thousands 
of  tonnes 


Per  cent  of 
western 
world  total 


Australia 
Niger 

South  Africa 
United  States 
Canada 


.36 

1.46 

3.40 

9.80 

4.85 

7 
15 
44 

22 


11.80 
9.00 
12.50 
36.00 
12.50 


13 
10 
14 
39 
14 


20.00 

9.00 

12.(X) 

47.00 

11.25 

18 
8 
11 
43 
10 


SOURCE  Based  on  data  from  the  Ortjaiii/atioii  for  Eeononiic  Co-operation  and  Developnieiit  and  Energs,  Mines,  and 
Resomces.  Canada. 
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its  ihirlv  vear  lifetime.  If  it  is  assumed  that  only 
31,000  M\V  of  nuclear  capacity  is  installed  by 
2000,  these  reactors  could  he  fuelled  for  tfiirty 
years  with  a  slight  margin.  However,  even  if  nu- 
clear units  are  deployed  at  a  much  less  amf)itious 
rale  than  planned  over  the  next  two  decades,  it 
should  be  recognized  that  the  recently  approved 
Ontario  Hydro  uranium  contracts  plus  existing 
export  commitments  would  already  more  than 
exhaust  Ontario's  currently  estimated  reasonably 
assured  resources  in  the  measured  and  indicated 
categories.  The  contracts  could  provide  thirty  year 
lifetime  fuel  for  Ontario's  approved  nuclear  sta- 
tions to  Darlington  plus  an  additional  4000  MW, 
for  a  total  of  approximately  18,000  MW. 

Uranium  Production  Capability 

Judgements  with  respect  to  the  uranium  resource 
potential  in  the  groimd  are  both  important  and 
problematic.  However,  in  evaluating  the  status  of 
the  uranium  resource  base,  it  is  absolutely  critical 
to  consider  whether  all  of  this  potential  resource 
can  in  fact  be  made  physically  available  at  a  rate 
corresponding  to  the  increasing  demand.  The  ura- 
nium production  capability  —  the  capacity  to  mine 
ore  and  to  process  it  in  a  mill  into  a  form  (UjOs) 
ready  for  refining  and  fabricating  into  fuel  —  is 
therefore  of  paramount  importance  to  the  viability 
of  existing  and  possible  future  nuclear  power 
progranunes. 

On  a  world  basis,  projected  production  capa- 
bilities could  support  the  expected  growth  of  nu- 
clear power  until  about  1990  in  all  instances  except 
under  conditions  of  accelerated  nuclear  power 
growth  rates  without  recycling.'  However,  even 
then,  economic  and  pf)litical  conditions  must  be 
favourable  if  these  production  capabilities  are  in 
fact  to  be  attained.  Beyond  1990,  there  will  be  in- 
creasingly large  demands  on  annual  world  produc- 
tion output  and  no  assurance  can  be  given  that  sup- 
ply will  be  able  to  keep  pace  with  projected 
demand.  Thus  there  is  an  urgent  need  to  increase 
exploration  activit\  in  ordiM  to  bring  low  confi- 
dence level  resources  into  the  reasonabU  assured 
category  and  to  add  new  disco\cries  to  the  re- 
.sourcebase.' 

Canada  is  and  will  continue  to  be  a  major  force 


in  these  world  markets  i Table  9-.5'.  Canadian  ura- 
nium production  totalled  approximately  oH()() 
tonnes  in  1977,  about  21  per  cent  of  world  uranium 
production.  During  1977  an  estimated  9  per  cent  of 
C>anada's  output  was  re(juired  domestically,  the 
remaining  91  per  cent  going  to  meet  Canada's  ex- 
port commitments  to  Japan,  the  United  Kingdom, 
the  United  .States,  Cermanv,  P'inland,  Switzerland, 
Spain  and  Korea,  whicfi  total  7'3,400  tonnes  to 
199.3.  Indeed,  during  1976  and  1977,  export  com- 
mitments exceeded  production  capacity.  Short- 
falls were  met  bv  drawing  on  the  federal  stockpile 
and  producer  inventories. 

Current  expansion  and  development  plans  in 
Ontario  and  Saskatchewan,  which  will  cost  an  esti- 
mated $.500  million  over  the  next  five  years,  will 
boost  Canada's  annual  uranium  production  capac- 
ity to  about  8000  tonnes  by  1980.  Additional  cur- 
rently known  resources  could  raise  the  Canadian 
production  capacity  to  a  maxinuun  attainable  level 
of  about  12, .500  tonnes  per  annum  by  1984  or  1985. 
This  level  of  output  could  be  maintained  for  per- 
haps two  or  three  vears  before  physical  constraints 
will  cause  output  to  decline  due  to  depletion  of 
certain  deposits  and  the  mining  of  lower  grade 
ores. 

It  is.  however,  important  to  recognize  that 
these  projections  of  attainable  production  capacity 
are  subject  to  a  number  of  possible  coastraints 
which  may  seriously  afTect  the  extent  to  which 
these  potential  capacities  w  ill  in  fact  be  achieved 
by  1985: 

•  Shortages  of  specialized  equipment  and  skilled 
labour  have  been  experienced  in  the  past  in  Can- 
ada's mining  industrv  and  may  prove  to  be  an  im- 
portant limitation  in  the  future.  While  new  equip- 
ment mav  be  required,  skilled  mining  personnel 
may  be  very  difficult  to  find.  Indeed.  \\  hile  on  a 
recent  tour  of  the  mining  and  milliuii  comple.x  at 
Elliot  L;ike,  we  were  told  that  the  mining  compa- 
nies were  alread\  ha\  ing  great  difficulty  attracting 
miners  to  staff  uraniiun  production  expansion  pro- 
granunes despite  high  unemplox  nienl  amongst 
miners  in  nearby  Sudbur\-.  Most  mining  operations 
are  located  in  inc  reasingK  more  remote  regions  of 
Canada,  making  it  difficult  to  attract  employees 
w  ho.  like  many  Canadians,  prefer  the  comfortable 
living  standards  available  in  major  centres.  Mining 
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Figure  9.2  Annual  Potential  Canadian  Uranium  Production  Capability  and 
Requirements 


Thousands 
of  tonnes 
uranium 


5.(1 


Thousands  of  M\V 
installed 
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12.5       - 
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20 


Projected  installed 
nuclear  capacity  to  2000 
and  associated  annual 
uranium  requirements 


^ears 


I    .^ppro.ximate.  as  aimiial  delivery  schedules  are  sid)jeet  to  adjustment. 

SOURCE  Based  on  data  from  Orgaiiization  for  Economiir  Co-operation  and  Development;  Energy.  Mines,  and  Resources 
Canada:  and  Ontario  Hvdra 
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is  also  a  hi^h  risk  occupation  and  for  that  reason 
may  be  unattractive  to  many.  Historically,  immi- 
gration has  been  a  major  source  of  young,  often 
transient,  miners  for  the  industry.  Recent  changes 
in  Canada's  immigration  regulations,  together 
with  projected  demographic  changes  which  will 
result  in  a  decline  in  the  proportion  of  young  men 
in  the  labour  force  in  the  decades  ahead,  will  there- 
fore present  formidable  challenges  to  uranium 
producers  as  competition  for  scarce  personnel  in- 
tensifies in  the  mining  industry.  Clearly,  extremely 
costly  innovations  will  be  recjuired  to  attract  and 
keep  the  recjuired  work  force  in  an  expanding  and 
often  remote  uranium  industry.  Measures  which 
may  become  increasingly  necessary  and  common- 
place include  the  hiring  of  more  women  and  work- 
ing couples,  commuting  to  the  mine  site,  and  the 
constniction  of  elaborate  infrastructures  and  com- 
munities similar  to  those  enjoyed  by  the  majority  of 
Canadians  in  order  to  attract  people  who  are  will- 
ing to  settle  into  remote  mining  jobs  for  many 
years. 

•  Concern  over  the  health,  safety,  environmen- 
tal, and  social  effects  of  expanding  uranium  mining 
and  milling  operations  in  particular  and  the  entire 
nuclear  fuel  cycle  in  general  (see  Chapter  6)  has  led 
to  in-depth  studies  and  public  hearings  both  bv 
government  agencies  and  by  specially-appointed 
commissions  at  Cluff  Lake  in  Saskatchewan  and  at 
Elliot  Lake  in  Ontario.  Even  assuming  decisions 
favourable  to  the  uranium  industrv,  such  incjuiries 
are  time  consuming  and  may  delay  the  attainment 
of  projected  production  levels.  Increased  regula- 
tory recjuirements  —  particularly  the  more  effec- 
tive ventilation  of  mines  and  the  more  stringent 
criteria  likely  to  be  applied  to  tailings  containment 
systems  —  as  well  as  more  comprehensive  licensing 
and  approval  procedures,  which  mav  include  man- 
datorv  public  hearings,  could  dcla\  production 
expansion  programmes  and  add  to  the  cost  of  a  pro- 
ject. The  decommissioning  and  abandonment  of 
depleted  mines  and  the  long  term  management  of 
the  very  large  volumes  of  environmentallv  hazard- 
ous tailings,  perhaps  in  perpetuity,  represent  ex- 
tremely difficult  issues  which  mav  further  compli- 
lalc  future  regulator\  and  licensing  procedures 
applied  to  the  uranium  industrv. 

•  Unlike  other  minerals,  uranium  falls  very  inuch 


under  federal  government  jurisdiction,  though  it  is 
subject  to  the  same  provincial  royalties  and  ta.xes  as 
all  other  mineral  resources.  Canada's  and  Ontario's 
expanding  uranium  industrv  is  dependent  upon 
foreign  participation  for,  in  particular,  the  very 
large  amoimts  of  risk  capital  which  will  be  re- 
quired to  carry  out  exploration  activities.  Future 
participation  mav,  however,  be  constrained  by 
federal  policies  limiting  foreign  e(juity.  Canada's 
strict  safeguards  regime  and  a  federal  uranium  pol- 
icy which  attempts  to  protect  supply  for  domestic 
users  create  further  uncertainty  as  to  whether  the 
uranium  found  and  produced  through  foreign  par- 
ticipation can  be  exported.  If,  in  addition  to  these 
constraints,  provincial  lax  and  royalty  regimes 
appear  excessive  and  unattractive  to  the  uranium 
industry,  investors  may  be  increasingly  reluctant 
to  commit  the  large  amounts  of  capital  nece.s.sary  to 
expand  the  industry's  production  capacity. 

Figure  9-2  assumes  that  these  not  insignificant 
constraints  are  overcome  and  that  the  m;iximum 
potential  uraniiun  production  based  on  known, 
delineated  resotirces  is  attained  in  Canada.  Figure 
9-2  also  makes  the  further  imlikeK  for  reasons  dis- 
cussed below)  assumption  that  no  further  uranium 
export  commitments  bevond  those  alread\  in  exis- 
tence will  be  undertaken  b\  Canada.  \\  hen  the 
potential  annual  Canadian  production  capability  is 
compared  with  the  annual  uranium  re(iuirements 
of  the  official  growth  rate  predicted  for  nuclear 
imits  in  Canada,  it  becomes  clear  that  the  Canadian 
supply  and  demand  situation  does  not  appear  to  be 
significantly  better  than  the  international  one.  Pro- 
duction shortfalls  fiegin  to  appear  b\  about  1995  if 
82,(K)0  MW  of  nuclear  capacity  is  in  place  by  2000, 
and  by  199S  if  60.(K)()  MW"  nuclear  capacity  is 
built.  Figure  9-2  again  vmderscores  the  urgent  need 
to  increa.se  exploration  activity  as  ijuickK  as  po.ssi- 
ble  since  shortfalls  in  the  late  1990s  could  only  l>e 
met  In  production  based  on  neu  reser\  es. 

Figure  9-.')  summarizes  the  potential  for  ura- 
nium production  capabilites  indigenous  to  Ontario 
and  compares  this  capacity  to  po.ssible  annual  re- 
(]uirements  in  the  pro\iiue,  assvuninij  no  further 
export  coMunitments.  If  a  large  commitment  to 
nuclear  enersjv  —  of  the  sort  sui:<'e,sted  by  Ontario 
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Figure  9.3  Annual  Potential  Ontario  Uranium  Production  Capability  and 
Requirements 
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Hydro's  I.orit^  Han^e  Forecast  18 A  —  were  iincler- 
laken  by  Ontario,  then  annual,  indigenous  produc- 
tion will  be  insufficient  by  tfie  mid  199()s  to  fuel 
Ontario's  nuclear  programme.  II  a  smaller  pro- 
gramme is  built,  under  the  new  AECL  forecast 
which  now  projects  an  installed  nuclear  capacity 
inOntarioof31,()()()MW  by  2()()(),  then  production 
capacity  will  suffice  to  al)oul  the  turn  of  the  cen- 
tury. These  developments  would  imply  growing 
dependence  on  uranium  from  outside  Ontario, 
most  likely  from  Saskatchewan.  However,  l)ased 
on  known  reserves,  this  would  provide  little  relief, 
since  Ontario's  annual  reciuirements  imder  LRF 
48A  woidd  exceed  </// of  Canada's  potential  annual 
production  by  shortly  after  the  turn  of  the  century. 
Thus,  the  urgency  of  immediate  and  extensive  ex- 
ploration is  unmistakable.  The  prospects  for  suc- 
cess in  Ontario  are,  however,  probablv  more  lim- 
ited since  Ontario  has  already  been  more 
extensively  explored  than  other  parts  of  Canada. 
Indeed,  expenditures  on  exploration  in  Ontario 
appear  to  be  declining,  from  $.3  million  in  1976  to 
$2.6  million  in  1977.'Someof  the  factors  which  we 
have  already  identified  that  tend  to  inhibit  explora- 
tion activities  may  therefore  be  more  significant 
and  worthy  of  attention  in  the  Ontario  context  than 
elsewhere  in  Canada. 

Figure  9-3  illustrates  two  further  important 
points.  F'irst  and  most  obviouslv,  a  small  nuclear 
progranune  in  Ontario  —  perhaps  an  additional 
commitment  beyond  Darlington  of  about  4000 
MW  —  could  be  fuelled  from  production  indige- 
nous to  Ontario  to  well  bevond  2000,  assuming  no 
new  export  commitments.  Secondly,  export  com- 
mitments can  have  dramatic  effects  on  the  propor- 
tion of  potential  production  capacity  that  is  actu- 
all\  available  for  [)r()vincial  use.  Existing  export 
conunitments  in  Ontario  will,  despite  the  very 
large  uranivnii  contract  recenliv  approved  bv  the 
Covernment  of  Ontario,  result  in  some  shortfalls 
forOntarioHvdrountil  199.).  which  will  have  to  be 
met  by  protluction  outside  Ontario  or  b\  accessing 
the  federal  stockpile. 

Figures  9-2  and  9-3  clearly  suggest  that  for  bot  li 
Canada  and  more  partiiularU  ()nlarit\  lar<j,e  nu- 
clear power  progranuncs  u  ill  |ila\  a  major  role  in 
supplying  our  longer  lerni  energy  needs  onl\  if  we 


are  prepared  to  develop  and  deplo\  more  ad- 
vanced fuel  cycles  which  will  utilize  finite  ura- 
nium resources  more  efficiently.  For  example,  plu- 
tonium  recycle  would  eventually  reduce  uranium 
demand  by  about  30  per  cent.  .\  decision  to  move  in 
this  direction  would  re(juire  full  and  extensive  par- 
ticipation l)y  the  people  of  Canada  and  Ontario  to 
ascertain  their  willingness  to  accept  the  greater 
risks  as  well  as  the  l)enefits  implied  by  advanced 
fuel  cycle  technologies.  We  do  not  endorse  these 
technologiesat  this  time. 

The  Export  of  Uranium 

We  assumed  in  Figures  9-2  and  9-3  that  no  further 
uranium  export  commitments  would  be  under- 
taken. But  this  assumption  almost  certainK  will 
not  hold;  export  levels  will  therefore  create  further 
uncertainty  as  to  the  availability  of  uranium  and 
production  capacity  for  domestic  use  in  "once- 
through  "  C.\NDU  s\stems  in  the  late  199()s  and 
bevond,  the  federal  uranium  policy  notuithstand- 
ing.  .\  number  of  factors  lead  us  to  f)e  concerned 
about  this  issue: 

•  The  Canadian  viranium  industrv  has  histori- 
calK'  been  developed  to  suppK  the  export  market. 
In  the  1950s  our  uranium  was  used  in  nuclear 
weapons  programmes  abroad  and  since  the  late 
1960s  Canadian  uraniiun  has  helped  to  siitistv  the 
growing  international  demand  for  ci\ilan  nuclear 
power  programmes.  The  general  recognition  that 
there  \\  ill  probabh  be  little  rec\clin<4  of  spent  fuel 
internationally  before  the  1990s  has  tended  to  sus- 
tain the  demand  estimates  for  uranium  despite 
lower  projected  growth  rates  for  nuclear  power 
around  the  world.  Short.iges  could  appear  b\  the 
late  198()s  as  nations  who  are  ilepUn  ing  large  nu- 
clear  programmes  as  an  .mtidote  to  the  OPEC  oil 
cartel  move  to  secure  large  (|uantities  of  uranium 
on  international  markets.  Canadian  uranium  pro- 
ducers and  pro\  incial  jiuistlictions  w  ith  large  re- 
serves but  foreseeabl\-  small  or  non-e.\islent  nu- 
ilear  power  programmes  will  ha\e  an 
unilerstanilable  propensit\  to  w  ish  to  take  advan- 
tage of  these  markets  at  prevailing  international 
prices. 

•  Canada  w  ill  likelv  continue  to  Ih*  {H'rceived  ;u« 
an  attractive,  stable  supplier  of  uranium  when 
compared  vv  ith  other  major  suppliers  available  to 
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purchasing  nations  —  the  United  States,  Australia, 
Ni<ier  and  South  Africa.  The  United  States  will  re- 
quire  the  bulk  of  its  own  vast  resources,  particu- 
larly if  the  reprocessing  and  fast  breeder  options 
are  delayed."  The  geopolitical  instability  increas- 
ingly associated  with  the  African  continent  will 
make  Niger  and  particularly  South  Africa  rela- 
tively unattractive  sources  for  a  resource  so  strate- 
gic as  uranium.  Australia's  large  uranium  resources 
may  not  be  exploited  for  some  time  —  despite  fa- 
vourable findings  by  a  national  inquiry  and  a  stated 
government  desire  to  proceed  —  because  of  strong 
opposition  from  parts  of  the  coimtry's  labour 
movement,  most  notably  the  dockers'  unions 
whose  membership  has  threatened  to  refuse  to 
ship  uranium  out  of  Australia.  Even  if  these  politi- 
cal uncertainties  can  be  quickly  resolved  by  an 
Australia  which  has  no  urgent  need  for  uranium 
domestically  since  it  has  no  nuclear  power  pro- 
gramme, it  will  take  a  niunber  of  years  for  a  sizable 
production  capacity  to  be  put  in  place. 

•  The  Canadian  government  is  promoting  an 
export  oriented  uranium  industry  and  has  a  clear 
and  continuing  incentive  to  do  so,  in  order  to  max- 
imize the  substantial  foreign  exchange  earnings 
which  uranium  exports  offer  and  thus  offset  Can- 
ada's growing  balance  of  payments  problems,  a 
federal  responsibility.  Indeed,  the  Commission  has 
he.ard  the  argument  from  some  parts  of  the  nuclear 
industrv  that  uranium  exports  could  become  so 
important  a  tool  for  coping  with  our  balance  of 
payments  difficulties  that  Canada  should  move  as 
(juickly  as  possible  to  more  advanced  reactor  sys- 
tems, based  on  the  recycle  of  plutonium  and  even- 
tually the  use  of  thorium,  in  order  to  capitalize 
fully  on  the  international  demand  for  uranium.  We 
do  not  endorse  such  a  strategy. 

•  The  long  term  viability  of  the  Canadian  nu- 
clear components  industry  is,  in  no  small  way,  con- 
tingent upon  the  ongoing  export  of  CANDU  reac- 
tors, most  critically  over  the  next  ten  years  or  so. 
This  issue  is  discussed  in  greater  detail  elsewhere 
in  this  report.  However,  this  reality  could  also  add 
pressure  for  further  exports  of  Canadian  uranium. 
Long  term,  a.ssured  supplies,  or  at  least  preferen- 
tial access  to  Canadian  uranium,  could  form  part  of 
a  more  attractive  "package  deal"  to  .secure  foreign 
.sales  of  CAN  DU  units. 


•  Canada's  uranium  resources  cannot  realisti- 
cally be  seen  in  isolation  from  the  vital  needs  of  our 
major  policial,  economic  and  military  allies  —  the 
United  States,  the  European  Economic  Commu- 
nity and  Japan  —  whose  energy  problems  are  far 
worse  than  our  own  and  who.se  continued  eco- 
nomic well-being  and  stability  is  clearly  in  Can- 
ada's interest.  Furthermore,  the  large  amounts  of 
foreign  capital  which  will  be  nece.s.sary  for  the  ex- 
ploration required  to  make  new  discoveries  and  to 
bring  the  large  quantities  of  uranium  currently  in 
low  confidence  level  categories  into  the  reasonably 
assured  categories,  tend  to  originate  in  these  same 
nations.  Not  surprisingly,  these  foreign  investors, 
once  attracted  to  Canada,  will  have  a  propensity  to 
wish  to  export  what  they  have  found  to  their  own 
domestic  utilities,  and  presumably  at  prevailing 
international  prices,  rather  than  to  supply  Cana- 
dian utilities  that  expect  to  pay  a  price  below  that 
determined  by  international  markets.  An  overt  pol- 
icy which  sought  to  limit  uranium  exports  unrea- 
sonably could,  in  addition  to  pre-empting  the  flow 
of  exploration  capital,  lead  to  serious  economic  and 
political  risks  for  Canada  if  applied  to  our  major 
trading  partners.  Perhaps  an  export  policy  that  tied 
Canadian  export  levels  directly  to  the  rate  of  new 
finds  and  the  availability  of  production  capacity, 
rather  than  to  the  resource  base  estimated  to  be  in 
the  ground,  ought  to  be  considered  since  such  an 
approach  would  provide  direct  incentive  to  in- 
creased foreign  investment  in  exploration. 

•  The  demand  for  large  quantities  of  uranium  for 
domestic  use  generally  and  for  use  by  Ontario  Hy- 
dro in  particular  will  not  manifest  it.self  until  the 
late  1990s  and  beyond  if  commitments  are  in  fact 
made  to  deploy  large  nuclear  power  programmes 
approaching  current  official  forecasts.  Indeed,  the 
recent  multi-billion  dollar  forty  year  contracts 
between  Ontario  Hydro  and  Denison  and  Preston 
Mines  will  satisfy  the  bulk  of  Ontario  Hydro's  an- 
nual demand  for  uranium,  the  principal  Canadian 
user,  for  the  lifetime  of  all  currently  commmitted 
units  or,  if  an  ambitious  programme  of  the  type 
suggested  by  LRF  48A  is  committed,  until  the  mid 
1990s.  Although  this  situation  is  clearly  favourable 
to  Ontario  Hydro's  short  and  medium  term  inter- 
ests, it  has  created  a  domestic  market  which  will 
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make  it  difficult,  if  iiol  impossihle,  lor  oilier  ura- 
nium producers  lo  find  domestic  customers  re(|uir- 
ing  sizable  cjuantities  of  uranium  over  the  next  two 
decades.  With  no  immediate  domestic  markets 
availaf)le,  producers  will  seek  to  export  their  cur- 
rent allocated  domestic  reserve  to  the  increasingly 
lucrative  international  market.  The  penalty  for 
doing  otherwise  would  he  lost  jobs  and  revenue  as 
well  as  a  decline  in  exploration  activity.  This  is 
particularly  the  case  for  the  high  grade,  short  life 
uranium  deposits  in  Saskatchewan  where,  without 
export  customers,  all  the  available  uraniiun  could 
not  he  mined  and  sold  during  the  normal  economic 
life  of  a  mine.  Canada's  current  uranium  policy 
allows  such  a  mine  to  apply  for  permission  to  ex- 
port its  allocated  domestic  reserve  if  no  domestic 
buyer  is  available  over  the  last  five  years  of  the 
normal  life  of  a  mining  operation. 

Uranium  and  the  Potential  For  Self- 
Reliance 

Our  evidence  and  analysis  have  led  us  to  conclude 
that  Ontario's  current  nuclear  conuuitment  can 
clearly  be  based  on  uranium  resources  and  produc- 
tion capacity  indigenous  to  Ontario.  However,  in 
our  view,  the  people  of  Ontario  cannot  assiuue  that 
either  the  currently  delineated  uranium  resource 
base  or,  more  importantly,  the  projected  maximum 
production  capacities  available  to  Ontario  provin- 
ciallv  or  nationally  are  sufficientiv  seciue  or  sizable 
to  guarantee  the  long  term  viability  of  a  large 
"once-through  "  nuclear  power  programme  in 
Ontario  beyond  the  turn  of  the  centurv.  Indeed,  as 
we  have  indicated,  the  Canadian  and  Ontario  ura- 
nium industries  will  face  formidable  challenges  if 
their  lull  potential  is  to  be  realized  even  over  the 
next  decade.  It  is  therefore  difficult  to  escape  the 
conclusion  that  Canada  and  Ontario  share  with 
other  industrialized  nations  the  dilemma  that  if 
nuclear  power  is  to  supply  a  significant  jiroportiou 
of  our  energy  needs  much  beyond  the  year  2000, 
then  a  conuuitment  will  ultimately  have  to  be 
made  to  accept  the  possible  risks  implied  b\  ad- 
vanced fuel  cycle  technologies  based  on  the  rec\- 
cling  ol  plutonium  from  existing  spent  fuel  or  the 
breeding  of  fissile  urani\un-2.33  from  fertile  tho- 
rium.    The    development    and    demonstration    oi 


these  technologies  will  retjuire  twentv  to  twent\- 
five  years  and  extensive  human  and  financial  re- 
source commitments  before  long  term  supplies  of 
fission  fuels  can  be  reasonably  assured  on  a  com- 
mercial scale.  We  cannot,  however,  endorse  these 
technologies  at  this  time,  for  rea.sons  discussed  else- 
where in  this  report. 

We  have  further  concluded  that,  although  llie 
federal  uranium  policy  appears  to  strike  an  en- 
lightened balance  between  Canadian  domestic  in- 
terests and  responsible  participation  in  a  lucrative 
international  market  vital  lo  the  energy  recjuire- 
ments  of  our  major  trading  partners,  it  is  important 
that  the  people  of  Ontario  recognize  that  this  pol- 
icy has  important  limitations  from  Ontario's  per- 
spective. First,  it  is  silent  on  the  (jueslion  of  ura- 
nium prices  for  domestic  users  of  a  Canadian 
resource  and  therefrire  consistent  with  federal  en- 
ergy policy  recjuiring  domestic  energy  resources  to 
move  toward  international  price  levels.  It  is  there- 
fore to  be  expected  that  Ontario  will  in  future  pa\ 
prices  determined  by  the  international  market  for 
its  uraniiun  regardless  of  origin.  Secondh.  while 
current  federal  uranium  polic\  recjuires  that  an 
approprale  portion  of  uranium  reser\'es  be  allo- 
cated for  domestic  use  to  meet  utilit\'  recjuire- 
menls,  the  polic\  is  silent  on  a  more  critical  issue: 
namely  the  availability  of  production  capacity  for 
domestic  use.  Producers  may  tend  to  leave  their 
allocated  domestic  reser\'e  in  the  ground  while 
producing  and  exporting  higher  grade  deposits 
during  the  next  two  decades  when  the  domestic 
market  for  uranium  will  be  small.  These  limita- 
tions, in  addition  to  the  constraints  alread\  dis- 
cussed, suggest  that  futvire  uraniiun  contract  nego- 
tiations between  producers  and  utilities  will  be 
formidable  challennes  indeed. 

I'inalb ,  if  uranium  is  \  iewetl  as  a  tool  to  pro- 
vide a  measure  of  self-reliance  to  Ontario,  it  should 
be  remembered  that  jurisdiction  o\er  the  nuclear 
fuel  c\cle  rests  with  the  federal  go%ernment. 
which  has.  in  Bill  C-14  now  before  the  House  of 
C'ommons,  clearly  expressed  its  intention  to  exer- 
cise this  responsibilitv  more  iomprehensi\ely  anti 
completeK  through  a  regiilator\  process  which 
will  appU  more  vigorousK'  to  uranium  mining  and 
luilliu''  than  has  heretofore  been  the  case. 


Chapter  Ten 

Social,  Ethical 

and  Political 

Issues 

Nuclear  power  seems  to  be  a  technology  which 
is  lacking  an  appropriate  context.  It  demands  a 
peaceful  world,  hut  the  world  is  not  as  peacehil 
as  we  might  like.  It  demands  a  highly  centralized 
.society,  subjected  to  various  types  of  controls, 
which  many  people  do  not  desire.  It  demands  a 
degree  of  vigilance  which  is  unparalleled,  a  de- 
gree of  dedication  which  is  unprecedented,  a 
degree  of  planning  which  is  unheard  of,  and  a 
degree  of  security  which  is  little  more  than  an 
ambitious  hope.  Such  a  technology  will  inevita- 
bly attempt  to  create  the  environment  which  it 
demands,  and  in  so  doing  it  will  have  far-reach- 
ing implications  on  all  our  lives.  —  Gordon  Ed- 
wards and  Ralph  Torric,  Humvianj  Argument 

XHE  social,  ethical  and 
political  implications  of  nuclear  power  have  been 
of  concern  to  many  who  have  appeared  before  the 
Commission.  While  no  single  technology,  includ- 
ing nuclear  power,  has  a  monopoly  on  the  pressing 
issues  of  the  day,  an  assessment  of  the  value  of  nu- 
clear power  from  this  perspective  ultimately  re- 
quires an  examination  of  the  acceptability  to  soci- 
ety of  the  risks  and  benefits  of  the  technology, 
relative  to  other  options.  This  process  is,  by  defini- 
tion, extremely  difficult  since  value  judgements  of 
a  particularly  complex  kind,  traascending  nuclear 
power  per  se,  are  clearly  involved.  Indeed,  whose 
values  are  to  be  judged  worthy  and  how  this  assess- 
ment is  to  be  accomplished  with  justice  are  perti- 
nent (juestions. 

Nuclear  Power  and  the  "Quality  of  Life" 

In  many  ways  mankind  is  safer  today  than  ever 
before.  A  historical  perspective  is  enlightening. 
Throughout  history,  man  has  had  to  contend  with  a 
variety  of  natural  hazards,  infectious  diseases,  nu- 
tritional deficiencesand  the  ravages  wrought  bv  his 
fellow  men.  Only  very  recently  have  our  basic 


needs  been  met  to  the  extent  that  we  can  afford  the 
luxury  of  being  able  to  worry  about  more  subtle 
hazards. 

Margaret  Maxey,  speaking  at  the  recent  Cana- 
dian Nuclear  Association  Conference,  reminded  us 
of  wliat  the  "good  old  days"  were  like:  "^As  we 
condemn  Detroit  and  auto  emissions  for  making 
city  air  unbreathable,  let  us  also  remember  a  New 
York  in  1900  with  150,000  horses  in  its  streets  and 
the  emissions  they  produced."  Maxey  contends 
that  today's  environmental  crisis  mentality  and  all 
the  regidatory  machinery  generated  by  it  consti- 
tutes the  first  problem  that  needs  to  be  addressed: 
namely,  how  is  society  to  exercLse  some  historical 
and  scientific  perspective  that  will  result  in  bal- 
anced judgements  about  alleged  environmental 
hazards  posed  by  advanced  technology? 

Presentations  to  the  Commission  from  major 
industrial  concerns  praised  the  high  technolog\- 
society  and  cautioned  against  any  disniption  in  the 
supply  of  energy.  According  to  the  Canadian  Steel 
Industries  Construction  Council,  "the  ample  sup- 
ply of  relatively  cheap  electrical  energ\  has  been 
the  foundation  of  Ontario's  development  iis  a 
strong  industrial  economy  over  the  past  fifty  years. 
It  has  provided  a  good  standard  of  living  for  Ontar- 
io's people  and  a  high  level  of  employment.  . . ."' 

Abundant  energy  is  clearly  the  cornerstone  of 
any  modern  society.  And  while  energy  should  not 
be  viewed  as  an  end  in  itself,  but  rather  a.s  one 
means  whereby  social,  economic  and  even  per- 
.sonal  goals  can  be  more  readily  achieved,  the  risk  of 
not  having  sufficient  energy  at  some  point  in  the 
future  is  very  real.  This  risk  shoidd  be  weighed  in 
terms  of  economic  disruption  and  possible  politi- 
cal and  social  instabilitw  E.F.  Schumacher,  u  ell- 
known  proponent  of  the  "small  is  beautiful"  phi- 
losophy, has  argued  that  while  growth  is  an  es.sen- 
tial  feature  of  life,  it  must  be  given  a  qualitative 
dimension.  Therefore,  it  is  not  merelva  question  of 
whether  or  not  a  particular  technolog\  shoidd  pro- 
ceed, but  rather  how  technologies  can  he  selec- 
tively employed  to  nuiximize  and  sustain  the  u  ell- 
being  of  .society.  This  proposition,  however,  brings 
us  fvdl  circle  to  the  complex  (juestions  and  dilem- 
mas of  values  and  judgements.  In  the  words  of 
Ralph  Torrie: 

It  is  impossible  to  understand  the  nuclear  delxite 
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without  understanding  the  different  world 
views  which  underlie  the  two  sides  of  the  de- 
bate. . . .  Different  world  views  correspond  to 
different  visions  of  reality. . . .  The  world-wide 
debate  on  nuclear  power  has  evolved  into  a  de- 
bate about  the  most  fundamental  values  of 
society. 

The  Temporal  Nature  of  Nuclear  Risks 

In  the  view  of  many  concerned  citizen.s,  the  use  of 
nuclear  energy  raises  complex  new  social,  political 
and  ethical  issues  of  a  profound  nature.  The  physi- 
cal and  temporal  dimensions  of  the  risks  associated 
with  nuclear  power,  however  small,  are  particu- 
larly disturbing  to  many.  We  have  heard,  for  exam- 
ple, the  compelling  arguement  that  the  risks  asso- 
ciated with  any  technology  ought  to  be  a.ssumed  by 
that  society  since  it  benefits  from  the  use  of  that 
technology.  Nuclear  power  therefore  raises  a  fun- 
damental ethical  problem  in  the  view  of  nuclear 
critics  not  only  becaase  a  nuclear  accident  might 
cau.se  genetic  damage  affecting  unborn  genera- 
tions but  because  the  very  long-lived,  highly  radio- 
active and  toxic  wastes  produced  by  the  nuclear 
fuel  cycle  will  represent  a  risk-fraught  legacy  to 
future  societies  who  will  not  have  enjoyed  the  ben- 
efits a.s.sociated  with  the  creation  of  these  wastes. 
One  participant  in  our  hearings  commented  that 
nuclear  wastes  will  need  to  be  isolated  from  the 
human  and  physical  environment  for  periods  of 
time  surpa.ssing  "...  any  social  order  humanity  has 
yet  devised.  Languages,  nations,  ice  ages  and  spe- 
cies will  come  and  go  in  that  time-frame." 

Although  the  nuclear  industry  has  repeatedly 
given  assurances  that  a  safe  method  of  burying 
wastes  deep  underground  in  geological  formations 
can  be  achieved,  no  such  demonstrated  waste  re- 
pository yet  exists.  Of  concern  to  some  is  the  global 
management  of  accumulating  nuclear  wastes  and 
what  responsibility,  if  any,  we  should  assume  for 
the  management  of  wastes  produced  in  Canadian 
reactors  in  Korea,  Pakistan,  India  and  Argentina. 
The  massive  volumes  of  uranium  mill  tailings  rep- 
resent an  equally  formidable  challenge  to  present 
and  future  generations.  It  is  for  these  reasons  that 
we  have  concluded  that  progress  on  the  technology 
of  managing  these  growing  wastes  should  be  moni- 
tored by  an  independent  group  and  that  a  morato- 
rium should  be  placed  on  further  nuclear  plants  by 


1985,  if  significant  progress  cannot  be 
demonstrated. 

Without  wishing  in  any  way  to  detract  from 
the  very  serious  nature  of  these  concerns,  we  must 
emphasize,  in  all  fairness,  that  no  single  technology 
has  a  monopoly  on  such  problems.  The  rapid  de- 
pletion of  many  resources,  notably  petroleum  and 
natural  gas,  for  which  all  Canadians  with  their 
high-consumption  lifestyles,  must  take  some  re- 
sponsibility, represents  an  equally  questionable 
legacy  to  any  future  generation  whose  economic 
and  social  well-being  and  very  stability  may  be  at 
stake.  Nor  should  we  become  so  short-sighted  that 
we  destroy  our  food  lands,  mismanage  our  forests, 
or  pollute  our  watercourses  and  thereby  leave  a 
legacy  of  environmental  degradation  to  future  gen- 
erations. Other  technologies  such  as  the  transpor- 
tation of  liquefied  fuels,  the  production  of  indus- 
trial chemicals  and  pesticides,  and  the  refining  and 
smelting  of  metals  present  formidable  insults  to 
our  environment  and  to  future  generations. 

Centralization,  Public  Participation  and 
Civil  Liberties 

All  highly  complex  and  capital-intensive  technolo- 
gies tend  to  be  centrally  organized  and  managed. 
This  trend  is  increasingly  reflected  on  a  "macro" 
level  in  the  stnicture  of  modern  societies.  While 
there  are  obvious  benefits  associated  with  the  trend 
to  greater  centralization,  there  are  al.so  undesirable 
ramifications,  and  indeed  vulnerabilities,  associ- 
ated with  this  phenomenon. 

While  the  economic  and  even  the  environmen- 
tal advantages  of  centralized  electrification  seem 
obvious,  the  .sociopolitical  costs  are  le.ss  easy  to 
evaluate.  This  aspect  of  nuclear  power  has  been 
criticized  as  symptomatic  of  many  of  the  ills  and 
misplaced  priorities  of  modern  society.  Profe.ssor 
Robert  Paehike  commented  in  his  submission  to  us 
that: 

Centralized  energy  sources  reinforce  central- 
ized economic  activity  of  all  kinds  and  thereby 
further  the  tendency  of  industrialization  gner- 
ally  to  concentrate  population,  culture,  employ- 
ment, production  and  so  forth  ever  increasingly. 
These  broad  tendencies  are  in  large  measure  the 
root  of  rural  depopulation  problems,  . . .  and  of 
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the  hinterland-metropolis  syndronie  so  prev- 
alent today  . . .  nuclear  power  is  at  once  the  log- 
ical technical  extension  and  re-extender  of  this 
process. 

This  critique  is,  of  course,  not  unique  to  nuclear 
power,  but  applies  to  all  centralized  technologies. 
Nor  should  we  forget  that  the  farming  community 
and  hence  our  food  supply  is  heavily  dependent  on 
a  reliable  electrical  power  system,  as  Dr.  Patterson 
of  the  Food  Land  Steering  Committee  has  re- 
minded us. 

All  complex  technologies  require  technolog- 
ical "elites"  to  operate  and  maintain  them.  This  is 
at  least  as  true  for  nuclear  power  as  it  is  in  the 
computer  or  aerospace  field,  for  example.  How- 
ever, energy  is  particularly  vital  to  a  nation's  life, 
since  most  other  technologies  and  industries  would 
be  impotent  without  it  and  because  an  increasingly 
sizable  proportion  of  our  social  capital  will  be  nec- 
essary for  such  high  technology  systems  as  nuclear 
power.  This  "elite"  therefore  exerci.ses,  perhaps 
unconsciously,  an  enormous  amoimt  of  power  and 
influence.  Furthermore,  there  exists  the  verv  real 
concern,  as  our  hearings  have  demonstrated,  that 
only  a  small  technocratic  elite  can  grasp  the  com- 
plexities of  nuclear  power  upon  which  decisions 
are  frequently  ba.sed,  thereby  excluding  the  pub- 
lic, and  perhaps  even  our  political  leaders,  from 
meaningful  and  effective  participation  in  decision- 
making. Indeed,  the  interested  public  is  further 
confused  by  an  array  of  conflicting  views  even 
amongst  experts  who  are  in  any  case  frequently 
perceived  to  have  a  vested  interest  in  the  nuclear 
industry. 

Two  things  therefore  seem  clear  to  us.  First,  we 
must  find  new  and  imaginative  ways  to  inform  and 
involve  the  public  in  these  important  issues  and 
decisions.  To  do  otherwise  risks  unexpected  and 
lime-consuming  resistance  to  future  projects  when 
the  local  implications  become  abvious  to  affected 
communities  that  may  perceive  a  different  rela- 
tionship between  the  risks  incurred  and  the  bene- 
fits to  be  derived  than  the  planners  did. 

Secondly,  we  have  concluded  that  if  an  in- 
formed and  reasonably  sophisticated  public  in- 
volvement in  the  energy  debate  is  to  be  aciiicved. 
then  greater  and  freer  public  access  to  information 
is  e.s.sential.  This  is  |xuti(  iilarly  important  in  ti\c 


ca.se  of  nuclear  power  where,  perhaps  because  of 
the  historical  links  of  civilian  nuclear  energy  to 
military  weapons  programmes,  an  aura  of  secrecy 
still  shrouds  the  contemporary  nuclear  industry. 
This  aura,  together  with  the  quite  natural  tendency 
of  any  industry  to  promote  its  products,  has  often 
led  to  public  suspicion  that  unfavourable  data  are 
withheld  and  that  the  information  which  is  made 
available  bv  the  nuclear  industry,  which  often  init- 
imidates  laymen  because  of  its  technical  complex- 
ity, is  not  always  objective.  If  these  suspicions  are 
to  be  allayed  and  if  public  tnist  and  acceptance  of 
nuclear  power  are  to  be  maintained,  then  the  nu- 
clear industry  must  continue  to  become  more  open 
to  public  scnitiny. 

A  concern  associated  with  the  problems  of  cen- 
tralization and  the  creation  of  elites  has  to  do  with 
security  measures  which  nuclear  power  rnav  re- 
quire. Ontario's  C.\NDU  nuclear  power  statiorts 
represent  an  economic  investment  in  the  order  of 
billions  of  dollars  per  facility.  Furthermore,  the 
electrical  output  of  any  single  station  is  increas- 
ingly vital  to  the  well-being  of  the  people  of  On- 
tario. The  Pickering  /\  station,  located  20  miles  east 
of  Toronto,  for  example,  currentU  supplies  about 
one-fifth  of  the  electrical  energ\'  generated  in  On- 
tario. The  .security  of  these  facilities  against  mali- 
cious threats  which  might  result  in  the  release  of 
radiation  to  the  public  or  economic  damage  and 
loss  of  production  is  therefore  a  more  important 
concern  than  might  be  the  case  with  man\'  other 
industrial  facilities  in  the  province. 

This  vulnerability  will  recjuire  appropriate 
secvirity  measures.  Fundamental  ci\  il  liberties  are 
fragile,  even  in  the  most  democratic  of  countries, 
and  therefore  \igilance  is  retjuired  to  ensure  that 
they  are  protected.  We  ha\e  concluded  th.il  the 
security  measures  now  in  place  or  contemplated  in 
Ontario  as  a  result  of  a  once-throu<ih  C.WDl"  pro- 
gramme do  not  limit  our ci\il  liberties.  However,  if 
the  reproce.ssing  and  recycling  of  phitoniiun  or 
uranium-23.3  were  to  be  commercialK  undertaken 
in  Ontario  —  and  we  do  not  entlorse  such  an  initia- 
tive —  we  wduld  agree  that  the  securit\  measures 
that  would  then  be  nece.s.s;ir\  might  present  serious 
threats  tooiuci\  il  liberties. 
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The  Politics  of  Nuclear  Power 

Those  who  undertake  an  activity  or  receive  the 
benefits  of  an  enterprise  are  not  always  those  who 
are  subject  to  the  risks  which  are  lijenerated  bv  the 
process.  The  front-  and  back-ends  of  the  nuclear 
fuel  cycle,  which  create  perhaps  the  most  signifi- 
cant hazards  —  the  mining  and  milling  of  uranium 
and  the  disposal  of  nuclear  wastes  —  tend  to  be 
conducted  in  the  less  populated  and  more  remote 
"hinterland"  of  Ontario  but  predominantly  serve 
the  demands  of  the  distant  and  urban  population  in 
the  south.  We  must  question  whether  any  segment 
of  a  society,  even  if  it  is  the  majority,  has  the  right  to 


impose  disruptions  elsewhere  in  society.  We 
believe  strongly,  for  example,  that  the  rights  and 
privileges  of  certain  sectors  of  our  society  and  their 
abilitv  to  maintain  their  preferred  lifestyle  in  the 
face  of  large  scale  developments  such  as  nuclear 
facilities  should  be  preserved  and  protected.  The 
siting  of  such  facilities  on  prime  farmland  is 
equally  disturbing  and  should,  in  our  view,  be  dis- 
couraged. Failure  to  take  the  concerns  and  sensitiv- 
ities of  minority  sectors  of  our  society  into  account, 
particularly  if  they  are  implicitly  going  to  bear  a 
disproportionate  part  of  the  risks  of  the  nuclear 
fuel  cycle,  can  only  result  in  confrontation  in  the 
future. 


Chapter  Eleven 

Nuclear  Weapons 
Proliferation 

and 
Plant  Security 


The  consequence  of  nuclear  power  thai  domi- 
nates all  others  is  the  attendant  increase  in  the 
number  of  countries  that  will  have  access  to  the 
materials  and  technology  for  nuclear  weapons. 
-Ford-MITRE  Report  (p.27\) 

J/ROM  time  to  time  dur- 
ing the  Commission's  hearings  the  relationship 
between  civilian  nuclear  power  on  the  one  hand 
and  nuclear  weapons  programmes  on  the  other 
was  raised.  The  avoidance,  to  the  greatest  extent 
possible,  of  further  nuclear  weapons  proliferation 
is  in  the  interest  of  all  members  of  the  world  com- 
munity- It  is  a  problem  for  which  responsibility 
must  be  shared  by  all.  We  believe  the  achievement 
of  this  goal  must  begin,  as  in  other  areas  of  hiunan 
endeavour,  with  the  recognition  bv  the  public, 
governments  and  the  civilian  nuclear  industry  that 
the  problem  exists.  Only  then  will  resources  be 
devoted  to  coping  with  this  technically  and  politi- 
cally complex  (juestion.  Canada,  because  of  its  role 
in  the  international  civilian  nuclear  market  as  a 
supplier  of  uranium  and  reactors,  has  a  clear  re- 
sponsibility to  continue  to  strive  for  wavs  to  limit 
proliferation  and  is  doing  so.  Ontario,  the  major 
domestic  producer  and  user  of  nuclear  technology 
and  materials,  has  a  responsibility  to  support  and 
facilitate  these  efforts. 

Although  the  subject  is  peripheral  to  our  man- 
date, we  believe  we  have  a  responsibility  at  least  to 


attempt  to  put  this  complex  and  controversial 
problem  into  perspective.'  The  belter  the  imder- 
standing  of  the  proliferation  problem  amongst  the 
public,  policy-makers  and  the  nuclear  industry, 
the  more  probabl^it  is  that  an  acceptable  .solution 
will  be  fovmd.  Indeed,  we  believe  that  public  rec- 
ognition of  the  importance  of  the  proliferation  is- 
sue may  be  an  important  catalvst  to  the  further 
development  and  acceptance  of  political  and  tech- 
nical initiatives  such  as  the  adoption  of  reactor  and 
fuel  cycle  configurations  that  are  less  likelv  to  con- 
tribute to  proliferation. 

In  this  Chapter  we  consider  nuclear  weaporLS 
proliferation  and  security  at  Ontario  Hydro's  nu- 
clear facilities. 

Canada  and  Nuclear  Proliferation 

Although  Canada  appears  never  to  have  contem- 
plated the  manufacture  of  nuclear  weapons,  this 
country  not  only  participated  in  the  research 
which  gave  birth  to  the  original  atomic  bomb  isee 
Chapter  4 ),  but  also,  through  the  export  of  strategic 
material,  subsetjuentlv  facilitated  their  produc- 
tion. For  example,  the  bulk  of  the  uraniiun  mined 
at  Elliot  Liike,  Ontario,  in  the  late  1950s  and  early 
1960s,  was  used  in  the  productionof  nuclear  weap- 
ons in  both  the  United  States  and  Great  Britain."  It 
was,  however,  the  detonation  of  a  nuclear  de\ice 
by  India  on  May  18,  1974,  the  fissile  material  iplu- 
tonium)  for  which  was  reportedly  obtained  from  a 
Canadian-designed  and  -built  research  re-actor, 
which  jolted  the  sensibilities  and  perceptions  of 
people  arovmd  the  world.  The  realization  that  the 
development  of  nuclear  energy  for  peaceful  pur- 
poses is  largely  inseparable  from  the  development 
of  nuclear  weapons  (because  the  same  basic  mate- 
rials, facilities  and  expertise  are  involved  in  both^ 
was  dramatically  brought  back  into  focus.  It  had.  of 
course,  been  recognized  for  many  years,  not  least 
bv  nuclear  .scientists  and  engineers,  that  the  civil- 
ian and  military  uses  of  nuclear  power  were  closely 
related. 

Technically,  the  requirements  for  the  produc- 
tion of  a  nuclear  device  are  two-fold:  first,  a  suffi- 
cient quantity  of  fi.ssile  material  to  de\  elop  a  "criti- 
cal ma.ss"  must  be  available;'  secondly,  the 
technological  know-how  ;uid  ancillary  materials 
and  equipment  to  build  the  nuclear  device  miLst 
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exist.  Unless  comparatively  pure  Kssile  uranium  or 
plutonium  are  available  (for  a  clandestine  opera- 
tion this  is  improbable),  these  materials  would 
have  to  be  extracted  from  "spent  reactor  fuel". 
Two  highly  sophisticated  problems  would  have  to 
be  solved:  first,  spent  CANDU  fuel  bundles  must 
be  diverted  from  a  generating  station;^  secondly, 
the  handling,  transporting  and  reprocessing  of  the 
spent  fuel  must  be  accomplished.  While  it  may  be 
difficult  to  overcome  these  obstacles,  we  have  no 
doubt  that  both  the  diversion  of  spent  CANDU 
fuel  and  its  subsequent  processing  to  produce  plu- 
tonium are  real  possibilities;  a  well-financed  group 
of  experienced  scientists  and  engineers  could  prob- 
ably undertake  the  task.  The  design  principles  for 
the  manufacture  of  a  nuclear  fjomb  have  alreadv 
been  published,  together  with  the  properties  of 
nuclear  weapons.  Furthermore,  the  chemistry  and 
metallurgy  of  uranium  and  plutonium  have  also 
been  treated  extensively  in  the  scientific  literature. 
Therefore,  we  believe  that  a  government,  already 
operating  nuclear  power  stations,  could  divert  fis- 
sile materials  and  design  and  produce  nuclear 
bombs. 

A  crucial  question,  however,  is:  If  a  nation  pos- 
sesses a  CANDU  nuclear  power  station,  and  wants 
to  build  a  nuclear  device,  would  CANDU  spent 
fuel  be  the  most  likely  starting  point?  It  has  been 
demonstrated  that  the  plutonium  component  in 
CANDU  spent  fuel,  especially  when  irradiated  for 
a  comparatively  short  period,  is  "bomb  quality  , 
although  not  necessarily  "high  yield  bomb"  qual- 
ity. A  recent  article  notes  that  there  are  several 
other  options,  which  could  be  followed  by  a  nation 
seeking  bomb  materials,  that  do  not  employ  power 
reactors:^ 

•  obtain  or  build  a  research  reactor  as  well  as  a 
small  reprocessing  plant.  Indeed,  most  nations  that 
possess  nuclear  power  stations  are  likely  to  have 
established  a  research  reactor  facility  as  part  of 
their  nuclear  power  programme; 

•  dedicate  a  small  reactor  exclusively  to  pluto- 
nivun  production  and  build  a  small  reprocessing 
plant; 

•  enrich  natural  uranium  using  the  compara- 
tively recently  developed  centrifuge,  laser,  or 
"nozzle"  techniques  if  they  are  available; 


•  purchase  on  the  "black  market",  or  otherwise 
obtain  highly  enriched  uranium  or  plutonium. 

The  first  two  of  these  techniques  probably  offer 
quicker  and  cheaper  access  to  fissile  bomb  material 
than  diverting,  handling,  transporting  and  re- 
processing spent  CANDU  fuel.  Nevertheless,  the 
availability  of  other  options  does  not  preclude  the 
possibility  that  CANDU  reactors  might  be  used  bv 
some  nations  to  divert  and  obtain  plutonium,  since 
it  is  technically  feasible.  Therefore,  the  stringencv 
of  Canada's  nuclear  safeguards  policy  should  not 
be  diminished. 

The  attempt  to  limit  the  spread  of  nuclear 
weapons  is  based  on  several  international  agree- 
ments of  which  the  most  recent  and  comprehen- 
sive is  the  Treaty  on  the  Non-Proliferation  of  Nu- 
clear Weapons  (NPT).  This  treaty,  which  came 
into  force  March  5,  1970,  has  been  endorsed  bv 
over  one  hundred  nations.  Notably,  however,  Ar- 
gentina, India  and  Pakistan,  among  thirty-nine 
states,  have  not  signed  the  Treaty;  nor,  for  that  mat- 
ter, has  France,  although  she  accepts  most  of  the 
provisions  of  the  Treaty.  Nevertheless,  "virtually 
all  the  nuclear  facilities  in  the  territory  of  non-NPT 
parties  are  subject  to  non-weapons  pledges  and 
safeguards  as  a  condition  for  obtaining  fuel  or 
equipment  from  the  suppliers."" 

In  large  measure  the  NPT  is  based  on  the  Inter- 
national Atomic  Energy  Agency  (IAEA)  Statute, 
relating  to  the  prevention  of  the  spread  of  nuclear 
weapons,  which  was  signed  in  1956.  The  objectives 
of  the  Statute  are  as  follows: 

The  Agency  shall  seek  to  accelerate  and  enlarge 
the  contribution  of  atomic  energy  to  peace, 
health  and  prosperity  throughout  the  world.  It 
shall  ensure,  so  far  as  it  is  able,  that  assistance 
provided  by  it  or  at  its  request  or  under  its  super- 
vision or  control  is  not  used  in  such  a  way  as  to 
further  any  military  purpose. 

The  NPT  calls  for  non-nuclear  weapons  states  to 
forgo  the  development  of  weapons  in  exchange  for 
complete  access  to  scientific  information  on  the 
peaceful  uses  of  nuclear  energy.  The  Treaty  also 
calls  for  a  high  degree  of  co-operation  between  the 
signatories,  to  advance  further  the  peacefid  appli- 
cations of  nuclear  energy.  In  principle  these  agree- 
ments and  formal  treaties  to  limit  the  spread  of 
nuclear  weapons  cannot  be  criticized.  The  key 
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problem  lies  in  how  the  safeguards  provisions  to 
which  all  signatories  of  the  NPT  are  committed  are 
interpreted  and  enforced.  As  several  participants 
in  our  inquiry  have  put  it  —  "these  treaties  and 
agreements  have  no  teeth".  The  IAEA,  which  both 
promotes  the  peaceful  use  of  nuclear  energy  and 
administers  NPT  safeguards,  is  increasingly  forced 
to  rely  on  national  inspection  systems,  and  hence, 
on  the  goodwill  and  co-operation  of  a  host  country. 
Moreover,  since  the  safeguards  inspection  infor- 
mation is  regarded  as  confidential,  the  world  com- 
munity will  not  in  fact  know  how  effectively  the 
safeguards  are  being  applied.  No  existing  safe- 
guards systems  carry  effective  sanctions  or  en- 
forcement provisions.  Withdrawal  from  the  NPT 
can  be  accomplished  on  tendering  three  months' 
notice.  These  problems  notwithstanding,  interna- 
tional treaties  are  not  broken  lightly  by  most  na- 
tions. While  by  no  means  a  panacea,  safeguards 
will  slow  and  in  some  cases  deter  proliferation  by 
raising  the  risk  of  detection  and  exposure.  They 
will  not,  however,  by  themselves  guarantee  that 
nuclear  materials  will  not  be  diverted  for  military 
purposes. 

Because  the  growing  international  markets  in 
nuclear  materials  and  technologies  continue  to 
provide  expanding  opportunities  for  weapons  pro- 
liferation, the  .so-called  London  Suppliers  Group 
(of  which  Canada  is  a  member)  is  attempting  to 
achieve  agreement  amongst  the  principal  nuclear 
suppliers  to  enforce  more  stringent  bilateral  safe- 
guards on  their  exports.  In  addition,  two  important 
programmes  have  been  set  up  over  the  past  vear: 
the  International  Fuel  Cycle  Evaluation  Pro- 
gramme (a  result  of  the  London  Economic  Sununit 
of  1976),  and  the  Non-Proliferation  Alternative 
Systems  Assessment  Programme.  These  pro- 
grammes aim  to  assess  fuel  cycles  that  minimize 
access  to  materials  directly  usable  in  nuclear 
weapons. 

The  CANDU  svstem  clearlv  possesses  techni- 
cal characteristics  which  offer  opportunities  to 
divert  spent  fuel  to  possible  u.se  in  the  production 
of  nuclear  weapons.  F"or  example,  its  uni(jue  on- 
line fuelling  capaliilitv  makes  diversion  of  spent 
fuel  more  didicult  to  deled,  since  constant  sun  eil- 
lance  would  be  necessary  to  monitor  the 
movement  of  fuel  through  the  reactor  and  into 


spent  fuel  storage  bavs.  On-line  fuelling  also  facili- 
tates the  production  of  higher  (|uality  weapons- 
grade  plutonium  Oess  Pu-24()'  than  is  the  case  with 
LWRs,  since  specific  fuel  bundles  can  be  irradiated 
for  shorter  periods.  There  is  little  doubt,  therefore, 
that  a  nation  possessing  a  CANDU  reactor  might 
divert  spent  fuel  without  detection,  and  subse- 
quently extract  weapons-grade  plutonium  in  a 
small  scale  reprocessing  facility.  Much  more  rigor- 
ous international  safeguards  are  clearly  desirable 
Init  will  be  difficult  to  achieve.  In  the  current 
al)sence  of  effective  sanctions  against  violators, 
safeguards  will  at  best  buy  time  in  the  race  against 
nuclear  weapons  proliferation. 

The  recently  completed  \\  indscale  Incjuiry  in 
Britain  may  have  some  relevance  to  Canadian  con- 
cern about  proliferation.  The  Inquiry,  headed  by 
the  Hon.  Mr.  Justice  Parker,  was  concerned  essen- 
tially with  an  application  by  British  Nuclear  Fuels 
Ltd.  to  build  a  reprocessing  plant  to  reprocess  for- 
eign spent  fuel.  For  many  vears  a  reprocessing 
plant  has  been  operating  at  Windscale  in  north- 
west England,  not  without  various  incidents,  to 
handle  the  spent  fuel  from  Magnox  reactors.  Bear- 
ing in  mind  that  neither  Ontario  Ilvdro  nor  the 
Commission  is  advocating  the  development  of  a 
commercial  spent  fuel  reprocessing  plant  in 
Canada  during  this  century,  we  draw  special  atten- 
tion to  two  of  Mr.  Justice  Parkers  major 
conclusions: 

6. .32  Returning  the  plutonium  to  non-nuclear- 
weapon  owner  countries  will  represent  an  in- 
creased risk,  but  this  might  lie  mitigated  In  re- 
turning only  when  rccjuired  for  ci\il  reactors 
and  then  only  in  the  form  of  l)riefl\'  irradiated 
fuel  rods. 

6.33  Whether  this  risk,  \\  hich  will  not  arise  for 
at  least  ten  vears,  is  or  is  not  a  greater  risk  than 
the  increased  incentixe  which  the  denial  of 
lechnologv  and  facilities  would  immediatelv 
create,  is  a  matter  for  the  Govertiment  and  de- 
pends amongst  other  things  on  information  on 
the  reactions  of  other  countries  to  the  polic\. 
The  arginnent  that  the  grant  of  permis,sion 
would  add  to  proliferation  risks  was  not  how- 
oxer  established  before  me.  Indeed  I  would  go 
further.  Since  U^  there  will  he  no  direct  risk  aris- 
ing from  THORP  (Thermal  Oxide  Reprcx'c\ssin<j 
Plant)  for  at  least  ten  vears  ( ii  i  to  den\'  reprocess- 
ing would  lie  against  the  spirit  —  and  I  think  the 
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letter  —  of  our  obligations  under  the  main  exist- 
ing bulwark  against  proliferation  (iii)  the  denial 
of  such  facilities  would  create  an  immediate  in- 
centive to  others  to  develop  their  own  facilities 
(iv)  there  is  a  world  need  for  adequate  reprocess- 
ing facilities  somewhere,  it  appears  to  me  that  a 
grant  of  permission  would  have  a  non-prolifer- 
ating effect  rather  than  the  reverse.  I  do  not  ac- 
cept that  the  best  way  to  achieve  a  new  bargain 
is  to  break  an  existing  one. 

Clearly,  Mr.  Justice  Parker  and  his  colleagues, 
after  considering  the  evidence  on  the  nuclear  pro- 
liferation i.ssue,  have  concluded  that  the  propo.sed 
major  reprocessing  plant  at  Windscale  will  con- 
tribute negligibly  to  nuclear  proliferation  among 
non-nuclear  nations.  We  have  come  to  a  similar 
conclusion  and  believe  that  the  risk  of  nuclear 
weapons  proliferation  due  to  Ontario  Hydro's 
CANDU  power  stations  should  be  regarded  as 
minimal.  On  the  other  hand,  the  future  export  of 
Canadian  nuclear  technology  and  materials  could 
indeed  lead  to  a  degree  of  proliferation,  and,  with 
Mr.  Justice  Parker,  we  believe  that  the  assessment 
of  this  risk  must  rest  with  Government.  It  is  en- 
couraging to  note  that,  even  at  risk  of  commercial 
disadvantage,  Canada  is  enforcing  perhaps  the 
most  stringent  safeguards  system  in  the  world.** 

Security  at  Ontario's  Nuclear  Facilities 

Ontario's  CANDU  nuclear  power  stations  repre- 
sent an  economic  investment  in  the  order  of  bil- 
lions of  dollars  per  facility.  Furthermore,  the  elec- 
trical output  of  any  single  station  is  increasingly 
vital  to  the  well-being  of  the  people  of  Ontario. 
The  Pickering  A  Station  twenty  miles  east  of  To- 
ronto, for  example,  currently  supplies  about  one- 
fifth  of  Ontario's  total  electrical  requirements.  The 
security  of  these  facilities  against  possible  eco- 
nomic damage  or  loss  of  production  due,  for  in- 
stance, to  malicious  disruption  by  individuals  or 
organizations  is  therefore  more  important  than 
might  be  the  ca.se  with  many  other  industrial  facili- 
ties in  the  province. 

Many  large,  modern  industrial  complexes  — 
petrochemical  refineries,  for  example  —  repre.sent 
a  risk  to  public  safety  if  individuals,  particularly 
those  with  malicious  intentions,  were  to  gain  unau- 
thorized entry  to  such  facilities.  Indeed,  if  sabotage 
is  the  objective,  for  whatever  motivation,  there  are 


clearly  a  great  many  possible  targets  available  in 
modern  societies,  most  of  which  could  be  attacked 
with  relative  ease  and  often  with  catastrophic 
results. 

In  terms  of  significant  potential  hazard  to  the 
public,  nuclear  power  presents  essentially  two  .se- 
curity problems: 

•  to  deter  an  unauthorized  diversion  of  radioac- 
tive or  fissile  materials  for  possible  use  in  the  fabri- 
cation of  a  nuclear  device  or  a  plutonium  dispersal 
weapon 

•  to  deter  sabotage  or  threats  of  sabotage  against 
a  nuclear  reactor  or  reactors  by  politically  moti- 
vated terrorist  groups,  criminals  or  individuals 
whereby  some  portion  of  the  very  large  inventories 
of  radioactive  material  available  in  the  core  might 
be  released  to  the  environment. 

Diversion  of  fissile  or  radioactive  materials  is 
not  a  serious  problem  at  this  time  in  Ontario.  Theft 
of  plutonium-bearing  spent  fuel  from  station  spent 
fuel  bays  is  generally  not  considered  to  be  a  credi- 
ble threat.  Spent  fuel  is  highly  radioactive  and 
therefore  requires  special  shielding  and  handling 
equipment  if  it  is  to  be  moved.  Removal  of  the 
plutonium  in  the  spent  fuel  would  require  rela- 
tively complex  and  time-consuming  chemical  sep- 
aration. The  diversion  of  spent  fuel  during  trans- 
port appears  equally  unappealing,  since  transport 
casks  containing  spent  fuel  are  highly  destnict-re- 
sistant  and  weigh  tens  of  tonnes.  However,  since 
highly  enriched  (95  per  cent)  uranium  is  used  in  the 
"booster  rods  "  at  Bnice  A  and  since  significant 
quantities  of  strategic  nuclear  materials  have  come 
into  Ontario  over  the  years  for  research  purposes,^ 
continued  vigilance  and  strict  adherence  to  IAEA 
safeguards  concerning  these  materials  will  be  im- 
portant. In  the  event  that  large  scale  research  pro- 
gramiues  or  commercial  development  of  pluto- 
nium or  thorium  fuel  cycles  are  undertaken,  the 
security  problems  a.ssociated  with  the  diversion  of 
fissile  materials  such  as  plutonium  or  uranium-233 
will  assume  great  importance.  At  this  point  in  On- 
tario's nuclear  programme,  however,  the  only 
credible  security  concern  is  sabotage  against  nu- 
clear installations. 

This  problem  arises  not  so  much  from  the  exis- 
tence of  nuclear  power  per  se,  but  from  the  dis- 
turbing global  growth  of  terrorism  over  the  past 
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decade  and  the  simultaneous  escalation  in  the  so- 
phistication of  the  tactics  and  weapons  available  to 
terrorists.  The  vulnerabilities  of  modern  society 
and  the  availability  of  powerful  and  highly  porta- 
ble weapons  have  given  progressively  smaller 
groups  the  capacity  to  cause  serious  disniption  or 
destruction.  While  terrorist  activity  is  relatively 
infrequent  in  Canada,  it  does  seem  prudent  to  as- 
sume that  nuclear  power  stations  may  be  regarded 
as  attractive  targets  by  terrorists  in  the  future.  The 
spread  of  nuclear  facilities  will  increase  the  oppor- 
tunity for  some  type  of  nuclear  action  by  terrorists. 
If  the  confrontation  between  governments  and  ter- 
rorists continues  to  escalate,  terrorists  may  be 
forced  to  seek  higher  leverage  targets  —  in  the  po- 
litical and  the  psychological  sense.  The  risk  exists, 
but  clearly  cannot  be  quantified. 

The  objective  of  terrorism  is  to  create  immedi- 
ate, dramatic  effects  —  unfortunately  often 
through  violence.  We  believe  it  is  precisely  this 
objective  that  may  make  nuclear  terrorism  appeal- 
ing. The  very  mention  of  the  word  "nuclear"  fre- 
quently generates  visions  of  "mushroom  clouds"  in 
the  collective  unconscious.  It  is  this  phenomenon 
which  is  exploitable. 

If  a  determined  terrorist  group  with  an  estab- 
lished record  of  violence  were  to  take  over  a  nu- 
clear station  and  threaten  to  cause  the  relea.se  of 
significant  amounts  of  radiation  imless  certain  con- 
ditions were  met,  the  event  would  clearlv  com- 
mand immediate  and  world-wide  attention  and 
would  almost  certainly  create  widespread  panic 
and  fear  among  the  local  population.  The  authori- 
ties charged  with  the  responsibilitvof  dealing  with 
such  situations  would  be  called  upon  to  make  verv 
rapid  and  complex  decisions.  Thev  wovdd  have  to 
weigh  the  technical  credibility  of  the  threat 
(which  might  be  very  low  unless  the  terrorist 
group  displayed  in-depth  knowledge  of  nuclear 
plant  design  and  operation),  the  apparent  willing- 
ness to  carry  out  the  threat  (this  could  be  high^  and 
finally,  the  magnitude  of  the  <lamage  if  the  threat 
were  .successfully  carried  out  (this  could  be  ver\ 
high),  at  least  to  the  plant  if  not  also  to  the  sur- 
rounding area,  population  and  environment. 
Needless  to  say,  the  outcome  of  a  first  incident  of 
this  type,  if  it  were  to  happen,  would  significantiv 
affect  manawment  of  an\  future  incidents  w  liii  li 


might  follow.  Indeed,  even  the  threat  of  an  attack 
on  a  nuclear  facility  might  subsequently  put  con- 
siderable pressure  on  governments  to  acquiesce  to 
terrorist  demands. 

In  light  of  these  concerns,  the  Commission  and 
senior  staff  have  toured  nuclear  plants  in  Ontario. 
Further,  we  held  special  hearings  in  camera  on 
these  matters  and  heard  the  views  of  several  mem- 
bers of  the  public  as  well  as  Ontario  Hydro  and  the 
Atomic  Energv  Control  Board  (AECB).  A  repre- 
sentative of  the  Ontario  Provincial  Police  was  also 
in  attendance  as  an  observ  er. 

The  AECB's  general  licensing  procedures  for 
nuclear  facilities  require  that  the  ajiplicant  submit 
seciuity  policies  and  procedures  before  approval  is 
granted.  These  policies  and  procedures  are  evalu- 
ated by  the  Protective  Services  Group  of  the  AECB 
with  assistance  from  the  Royal  Canadian  Mounted 
Police,  and  nnist  cover  the  security  of  nuclear  ma- 
terials in  use,  transit,  or  storage,  the  .securit\  of 
nuclear  facilities,  the  training  of  reliable  .securitv 
staff,  the  protection  of  information  relevant  to  the 
security  of  nuclear  materials  and  facilities,  and  the 
development  of  contingency  plans  in  the  event  of  a 
serious  incident  which  would  compromise 
securitv. 

Although  some  members  of  the  nuclear  com- 
mimitv  have  argued  before  this  Commission  that 
the  threat  represented  bv  nuclear  sabotage  is 
"imaginary",  the  .\EC>B  clearly  has  taken  the  posi- 
tion that,  while  the  probability  of  terrorist  attack-s 
on  nuclear  facilities  is  low  in  Canada,  Canada  can- 
not consider  itself  immune  from  such  events.  The 
.\EC]B  therefore  acknou  ledges  that  the  need  for 
security  has  arrived.  It  is  recognized  that  the  intrin- 
sic design  and  operating  features  of  a  nuclear  sta- 
tion —  the  massive  structures,  the  numerous  barri- 
ers to  release  of  radiation  to  the  en\  ironment  and 
the  redundancy  built  into  critical  systems,  for  ex- 
ample —  provide  a  considerable  degree  of  security 
against  attempts  to  put  a  reactor  info  a  catastrophic 
motle  or  to  release  significant  amounts  of  radiruic- 
tive  materials  to  the  public.  Indeed,  it  should  lie  an 
important  [iriorit\'  of  future  reactor  design  to  im- 
pro\e  further  these  intrinsic  ijualities.  Neverthe- 
less, an  upgratling  of  pin  siial  securitv  is  under  way 
at  Ontario  Hvdro  nuclear  facilities. 

W'e  are  satisfied  that  these  new  mea.sures  — 
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which  include  360-degree  fences,  electronic  pe- 
rimeter surveillance,  alarm  systems  and  secure 
communications  with  local  law  enforcement  agen- 
cies —  are  appropriate  for  current  conditions,  and 
will  give  Ontario  Hydro  considerable  capability  to 
deter  and  detect  unauthorized  intrusion  at  its  nu- 
clear facilities.  We  have  concluded,  as  has  the 
AECB,  that  armed  guards  are  neither  necessary  nor 
desirable.  Armed  response  should,  if  necessary,  be 
the  responsibility  of  local  and  provincial  police 
forces,  supplemented  in  extreme  situations  by  the 
military.  It  will  be  important  and  pnident,  how- 
ever, to  maintain  the  ability  to  respond  quickly  to 
changing  social  and  political  conditions  with  due 
regard  to  civil  liberties. 


We  are  not  convinced  that  the  responsibilities 
for  all  facets  of  security  and  contingency  planning 
at  nuclear  plants  in  Ontario  are  clearly  defined  and 
understood  by  all  relevant  agencies.  Since  the  ca- 
pability to  respond  effectively  and  quickly  if  unau- 
thorized intrusion  is  taking  place  is  of  paramount 
importance,  particularly  the  first  time  an  incident 
takes  place,  we  have  concluded  that  a  comprehen- 
sive crisis  management  system  incorporating  po- 
lice and  political  authorities  should  be  designed 
and  available  to  deal  with  the  complex  and  rapid 
judgements  and  decisions  which  a  nuclear  incident 
might  make  necessary.  The  demonstrated  exis- 
tence of  such  a  response  capability  might  prove  to 
be  a  considerable  deterrent  to  threats  or  incidents 
involving  Ontario's  nuclear  programme. 


Chapter  Twelve 

The  Regulation 

of 
Nuclear  Power 


Gc 


rOVERNMENTS,  on 
perceiving  that  risks  from  an  activity  may  exceed 
the  benefits,  often  establish  a  system  of  regulation 
to  protect  an  affected  group.  They  have,  for  exam- 
ple, implemented  regnlalorv  mechanisms  where 
monopolistic  conditions  exist  in  order  to  provide 
economic  protection  and  to  ensure  satisfactory  lev- 
els of  service  at  fair  prices.  Likewise,  they  have 
established  licensing  and  enforcement  procedures 
to  guard  the  health  or  safety  of  man  and  his  en- 
vironment from  potential  risk.s.  Nuclear  power  is 
an  enterprise  which  governments  on  a  global  basis 
have  determined  should  be  subject  to  a  svstem  of 
regulation. 

The  regulation  of  nuclear  power  is,  however, 
distinctive  in  that  it  occurs  in  an  environment  of 
continuing  and  perhaps  growing  public  concern 
and  divided  opinion  over  the  risks  and  benefits  as- 
sociated with  the  technologv.  It  is  a  complex  tech- 
nology imderstood  bv  onlv  a  select  few  techno- 
crats, and  it  is  a  centralizing  technolog\  which 
implies  a  form  of  social  and  economic  develop- 
ment which  does  not  find  univer.s;il  acceptance.  In 
Canada,  the  regulation  of  nuclear  developments  is 


further  complicated  fjy  the  extensive  public 
ownership  of  the  corporations  which  have  de- 
signed, developed  and  are  utilizing  the  technol- 
ogy,' l)y  the  uncertainties  associated  with  the  allo- 
cation of  regulatory  responsibility,  and  by  the 
economic  advantage  which  could  possibly  accrue 
to  Canada  from  the  development  of  all  aspects  of 
the  nuclear  fuel  cycle."  Complex  as  it  is,  the  contin- 
uing challenge  afforded  by  the  necessary  rigorous 
sciiitiny  of  nuclear  power  was  captured  at  the 
Fourth  International  Conference  on  the  Peaceful 
Use  of  .\tomic  Energy,  held  in  Cieneva  in  1971,  1)\- 
Alvin  M.  Weinberg  and  Philip  Hammond,  both 
active  for  a  number  of  vears  in  the  development  of 
nuclear  power  when  they  stated: 

We  in  the  peaceful  nuclear  energy  conimunitv 
have  been  comfortable  in  the  belief  that  what 
we  have  wrought  o\er  the  past  30  \ ears  has  been 
an  utuuitigated  blessing  for  mankind.  It  comes  as 
a  di.sconcerting  shock,  therefore,  to  find  that,  just 
when  nuclear  energy  has  achieved  such  great 
success,  our  effort  is  being  challenged  on  the 
most  fundamental  grounds.  Where  we  claim 
nuclear  energv  is  clean,  safe,  and  nece.s.sarv,  crit- 
ical voices  claim  it  is  unclean,  un.safe,  and 
unnecessary. 

We  have  alwavs  conceded  that,  in  opting  for 
nuclear  energy,  mankind  is  assuming  a  certain 
risk.  Nuclear  energy  is  potentially  more  danger- 
ous than  other  forms  of  energv.  It  is  onl\  hv  scru- 
pulous attention  to  detail,  an  e.xertion  of  great 
care,  that  we  can  expect  to  maintain  the  .safet\' 
of  nuclear  power.' 

Regidation  in  an  area  where  there  is  deep  po- 
larization of  opinion  will  continue  to  be  difficult, 
since  it  is  conducted  against  a  background  of  dif- 
fering expectations  of  the  regidatorv  prtxess  that 
parallel  the  varietv  of  perceptions  of  nuclear 
power.  The  nuclear  industrv  and  Ontario  Ihdro. 
for  e.\ample,  approach  the  regidatory  process  as  an 
educational  and  consensus-building  activitv.  Their 
testimonv  at  the  Commi.ssion  s  hearings  leases  the 
impression  that,  despite  the  fnistratioas  of  the 
administrative  delays  of  regidator)'  processes,  they 
will  be  able  to  alle%  iate  most  concerns  and  thus 
develop  a  consensus  that  nuclear  [xnver  is  accepta- 
ble. The  opponents  of  nuclear  power  appear  to 
approach  the  regidatorv  process  with  one  major 
objective:  to  de\  elop  a  more  open  proc^ess  that  will 
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allow  them  to  question  continuously  the  need  for 
this  complex  technology,  the  possibility  of  acci- 
dents, waste  disposal  problems,  sabotage,  and 
terrorism. 

Despite  their  differing  views  both  the  propo- 
nents and  the  critics  of  nuclear  power  assert  that 
changes  in  the  regulatory  process  are  necessary. 
The  proponents  assert  that  regulatory  reform 
would  shorten  the  lead  time  required  for  a  project 
and  remove  jurisdictional  uncertainties,  while  crit- 
ics counter  that  revisions  are  needed  in  order  to 
increase  openness,  improve  the  accountability  of 
regulators,  and  increase  opportunities  for  more 
and  earlier  public  involvement. 

Today,  the  control  and  supervision  of  most  as- 
pects of  the  nuclear  fuel  cycle  in  Canada  are,  as 
they  have  been  since  1946  with  the  passing  of  the 
Atomic  Energy  Control  Act,  the  responsibility  of 
the  federal  Atomic  Energy  Control  Board.  How- 
ever, the  Board's  jurisdiction  over  health,  safety 
and  security  in  nuclear  programmes  is  only  a  por- 
tion of  the  extensive  system  that  governs  the  devel- 
opment of  nuclear  facilities  in  the  province  of 
Ontario. 

Because  Ontario  Hydro  is  a  publicly  owned 
corporation,  operating  under  The  Power  Corpora- 
tion Act,  land  acquisition  for  and  constaiction  of  its 
major  facilities,  including  nuclear  and  heavy  water 
plants,  requires  explicit  approval  by  the  provincial 
government.  The  financial  and  economic  implica- 
tions of  Ontario  Hydro's  nuclear  programme  are 
regularly  reviewed  in  public  hearings  by  the  On- 
tario Energy  Board  (OEB),  functioning  as  an  advis- 
ory body  to  the  Ontario  Ministry  of  Energy.  These 
hearings  are  undertaken  to  review  applications  by 
Ontario  Hydro  for  increa,ses  in  bulk  power.  On  one 
occasion  in  1974,  the  Board  was  asked  to  review 
Ontario  Hydro's  proposed  system  expansion  pro- 
gramme to  1983,  focussing  on  the  need  for  addi- 
tional nuclear  stations  known  as  Pickering  B,  Bruce 
B  and  Darlington.  Public  hearings  were  accord- 
ingly held  during  the  winter  and  spring  of  1974. 
The  social,  environmental,  and  economic  effects  of 
nuclear  power  are  also  reviewed  at  the  planning, 
development,  and  operational  stages  by  a  variety 
of  other  federal  and  provincial  agencies.  Thus  the 
nuclear  regulatory  process  is  —  perhaps  of  neces- 
sity —  complex  and  multi-jurisdictional.  It  requires 


co-operation,  co-ordination,  and  consultation 
among  the  regulators  and  has  occasioned  the  for- 
mation of  both  (id  hoc  and  ongoing  committees, 
and  the  development  of  inter-agency  agreements. 

In  this  Chapter  we  cannot,  of  course,  address 
all  aspects  of  the  extensive  system  of  regulation. 
Many  of  the  regulatory  i.ssues  are  pervasive,  requir- 
ing further  debate  in  our  decision-making  hearings 
and,  therefore,  will  be  most  appropriately  dealt 
with  in  our  final  report.  However,  we  consider  the 
regulation  of  health,  environment,  safety  and  se- 
curity matters  with  specific  reference  to  jurisdic- 
tional uncertainty,  the  regulation  of  a  complex 
technology,  access  to  information  and  public  par- 
ticipation. And  in  the  concluding  portion  of  the 
Chapter  we  address,  in  a  general  manner,  decision- 
making on  the  "need  "  for  nuclear  power,  a  ques- 
tion which  is  being  brought  increasingly  to  the  at- 
tention of  regulatory  bodies  in  both  Canada  and  the 
United  States. 

The  Regulatory  System 

The  task  assigned  to  the  Atomic  Energy  Control 
Board  to  regulate,  license  and  monitor  all  aspects  of 
the  nuclear  fuel  cycle  is  enormous.  Under  existing 
legislation  the  Board's  functions  are  to: 

•  regulate  the  health,  safety,  and  security  aspects 
of  prescribed  substances'  and  nuclear  facilities; 

•  provide  technical  advice  about  and  administer 
certain  aspects  of  Canadian  policy  and  interna- 
tional commitments  on  the  safeguarding  of  certain 
prescribed  substances  and  nuclear  equipment  for 
peacefiil  purposes; 

•  provide  advice  on  policy  development  and 
administration  of  certain  aspects  of  Canadian  pol- 
icy on  uranium  resource  management; 

•  protect  certain  atomic  energy  information  and 
oversee  security  classification  in  the  area; 

•  contract  for  mission-oriented  research  in  the 
broad  field  of  nuclear  safety.* 

The  functions  of  the  Board  are  carried  out  by  an 
authorized  full-time  staff  of  180  with  an  annual 
budget  of  $7.3  million.  In  the  current  year,  the 
Board  administers  a  supplementary  budget  of  $5.6 
million  for  the  continuing  investigation  and  clean- 
up of  various  sites  in  Canada  that  have  been  con- 
taminated with  low-level  radioactive  materials. 
Because  its  staflF  is  small,  the  Board  relies  heavily  on 
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thirteen  advisory  committees,  which  are  com- 
posed predominantly  of  representatives  from  fed- 
eral and  provincial  departments  of  health,  environ- 
ment, and  labour;  academics  from  a  variety  of 
disciplines;  Board  staff;  and  nuclear  experts  from 
AECL's  Whiteshell  and  Chalk  River  laboratories. 

For  projects  which  are  federally  financed,  or  in 
which  federal  agencies  are  involved,  public  hear- 
ings are  held  under  the  federal  Environmental  As- 
sessment Review  Process  (EARP).  Recently,  for 
instance,  hearings  were  held  in  connection  with 
the  Eldorado  Nuclear  Limited  proposed  uranium 
refinery  expansion  in  Port  Granby,  Ontario. 

Ontario  regulatory  authorities  have  become 
involved  in  the  nuclear  power  area  through  the 
application  of  general  provincial  legislation  on 
environmental,  health,  resource  development,  and 
energy  matters.  Their  involvement  extends  to  .sev- 
eral facets  of  the  nuclear  fuel  cycle  in  addition  to 
Ontario  Hydro's  thermal  nuclear  programme,  in- 
cluding uranium  mining  and  refining 
developments. 

Provincial  regulatory  authorities  exert  their 
influence  indirectly  through  involvement  on  advis- 
ory committees  or  through  administrative  under- 
standings with  the  AECB.  For  example,  through 
membership  on  appropriate  safety  advisory  com- 
mittees, representatives  of  provincial  government 
ministries  are  able  to  enunciate  provincial  policy 
and  regulations  that  can  be  incorporated  into 
AECB  licences. 

The  nuclear  programme  in  Ontario  is  also  indi- 
rectly affected  by  numerous  international  advisory 
and  regulatory  agencies  (see  Annex  D).  These  in- 
clude the  International  Atomic  Energy  Authority 
(IAEA),  the  Nuclear  Energy  Agency  (NEA^  of  the 
Organization  of  Economic  Co-operation  and  De- 
velopment (OECD),  the  International  Conuiiission 
on  Radiological  Protection  (ICRP),  the  United 
Nations  Standing  Committee  on  the  Effects  of 
Atomic  Radiation  (UNSCEAR),  the  International 
Radiation  Protection  Association  (IRP.\\  the  Nu- 
clear Suppliers  (iroup  and  the  International  Joint 
Commission  (IJC). 

These  agencies  relv  on  member  countries  to 
accept  and  applv  internationalh'  agreed-upon 
standards  suih  as  those  governing  radioacti\  c  doses 
for  workers  and  the  general  population,  nuclear 


safeguards,  and  transportation  of  radioactive  fuels. 
Where  applicable,  the  .\ECB  accepts  and  applies 
existing  international  standards  in  the  licensing  of 
nuclear  facilities.  In  particular,  the  .\ECB  relies 
heavilvon  ICRP  radiation  guidelines.  In  future,  we 
anticipate  that  international  regvilatory  agencies 
will  increasingly  influence  the  Ontario  pro- 
gramme. One  recent  example  is  the  new  suggested 
levels  for  radioactivity  in  the  Great  Lakes,  pro- 
posed f)y  the  IJC,  which,  if  adopted  by  either  the 
federal  or  provincial  environment  ministries, 
could  affect  both  uranium  mining  and  the  nuclear 
reactor  programme  considerably- 
Recent  Developments 

In  its  first  twentv-five  vears,  the  ,\ECB  fvmctioned 
quietly  in  the  backgroimd  of  a  nuclear  industr\'  that 
attracted  little  public  attention.  However,  with 
the  acceleration  of  the  Ontario  nuclear  power  pro- 
gramme and  the  publicity  given  to  the  potential 
hazards  of  the  nuclear  fuel  cycle,  the  Board 
became  the  focus  of  demands  for  increased  regula- 
tory vigilance.  Following  its  investigation,  the 
Royal  Commission  on  Health  and  Safetv  of  \\'ork- 
ers  in  Mines  recommended  that  the  .\ECB  should 
exerci.se  its  authority  over  the  total  fuel  cvcle. 
With  the  controversN  over  the  health  haziirds  of 
radon  associated  with  wastes  from  the  earlier  Eldo- 
rado refinery  at  Port  Hope  there  was  a  call  for  bet- 
ter conununication  between  the  regulators  and 
those  whose  health  is  potentially  affected.  In  re- 
cent months  there  has  been  increasing  public  de- 
mand for  acce.ss  to  information  held  bv  the  nuclear 
industry,  for  more  public  participation  in  nuclear 
regulatory  decisions,  and  for  greater  separation 
between  the  regulators  and  those  associated  \s  ith 
the  promotional  aspects  of  the  industry. 

In  response  to  these  and  other  concerns,  the 
federal  regulatory  process  is  now  in  the  midst  of  a 
significant  transition.  The  .\ECB  is  attempting  to 
widen  the  gap  between  itself  and  the  industries 
and  utilities  regulateil,  and  to  improve  its  capabil- 
it\  to  license  and  monitor  the  intluslrx .  Indeeil.  the 
complement  of  the  Board  has  more  than  doubled  in 
the  last  three  years,  and  ma\-  possibh  double  again 
in  the  near  future.  .Vlso  of  considerable  significance 
are  the  measures  taken  In  the  federal  go\  ernment 
to  increase  the  Board  s  effect ivene.ss.  In  an  effort  to 
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update  the  nuclear  regulatory  framework,  the 
Nuclear  Control  and  Administration  Act  (Bill 
C-14)  was  tabled  on  November  24,  1977.  Although 
this  proposed  legislation  has  not  yet  been  enacted, 
it  indicates  clearly  the  government's  intent  for  pro- 
posed changes  in  federal  regulation.  Much  of  Bill 
C-14  contains  a  detailed  amplification  of  the  gen- 
eral terms  of  the  existing  Atomic  Energy  Control 
Act,*  and  the  remainder  is  new.  The  overall  result  is 
extensive  powers  for  control  of  nuclear  develop- 
ments throughout  Canada.  A  Nuclear  Control 
Board  would  be  created  to  replace  the  Atomic 
Energy  Control  Board,  and  its  objectives  would  be 
to  "ensure  the  preservation  of  the  health  and  safety 
of  persons  and  to  protect  the  environment  from  the 
hazards'"  of  the  use  of  nuclear  power.  Provisions 
are  made  for  licensing,  including  hearings  for  li- 
cence applications;  access  to  information;  inspec- 
tion of  nuclear  facilities;  and  making  regulations. 

During  the  present  period  of  controversy  and 
change,  concerning  federal  nuclear  regulation,  the 
provincial  regulatory  authorities  have  become  in- 
creasingly involved  in  the  issues  of  nuclear  power 
development.  For  example,  the  Ontario  Ministry 
of  the  Environment  has  noted  that  "the  debate  over 
safe  nuclear  standards  ensures  no  small  degree  of 
controversy  for  the  Ministry  in  its  approval  and 
abatement  processes  incorporated  in  AECB 
licences".'' 

The  most  significant  recent  provincial  legisla- 
tion affecting  the  nuclear  programme  in  Ontario  is 
the  Environmental  Assessment  Act.  The  Act  is  in- 
tended to  encourage  "good  "  decision-making  by 
ensuring  that  environmental  factors  are  taken  into 
account  at  an  early  stage.  It  provides  that  an  en- 
vironmental assessment  must  be  accepted,  and 
approval  given,  for  all  undertakings  to  which  the 
Act  applies  —  which  will  include  all  future  Ontario 
Hydro  generating  stations. '"  As  part  of  this  process, 
Ontario  Hydro  must  provide  a  statement  of  the  ra- 
tionale for  the  undertaking,  alternatives  to  the  un- 
dertaking, and  alternative  methods  of  carrying  out 
the  undertaking,  as  well  as  a  description  of  proba- 
ble environmental  impacts  of  the  undertaking  and 
its  alternatives.  "Environment"  is  broadly  defined 
to  encompass  social  and  economic  aspects  as  well 
as  the  natural  environment.  The  environmental 


assessment  document  and  the  government  minis- 
tries' review  of  it  are  available  to  the  public,  and 
public  hearings  by  the  Ontario  Environmental  As- 
sessment Board  can  be  required. 

Jurisdiction  —  the  Allocation  of 
Responsibility 

We  perceive  potential  difficulty  and  uncertainty 
about  the  division  of  legislative  powers  over  nu- 
clear energy  between  the  provincial  and  federal 
governments,  especially  in  the  environmental  as- 
sessment area.  The  power  of  the  federal  govern- 
ment to  regulate  developments  for  the  purpose  of 
protecting  health,  environment  and  safety  is  ap- 
parently well  established.  We  believe  that  this  al- 
location of  responsibility  is  appropriate."  How- 
ever, we  also  believe  that  since  nuclear 
development  is  a  provincial  undertaking  the  prov- 
ince should  have  the  responsibility  to  make  the 
choice  to  use  nuclear  power  and  the  decisions  con- 
cerning its  environmental,  social  and  economic 
costs. 

Difficulties  may  arise  because  the  application 
of  statutes  enacted  by  each  government  may  con- 
flict. For  example,  the  requirement  of  approval 
and  the  imposition  of  conditions  under  the  En- 
vironmental Assessment  Act  may  conflict  with 
approval  to  constnict  a  nuclear  power  plant  given 
by  the  Atomic  Energy  Control  Board.  If  a  conflict 
does  occur,  the  federal  statute  would  be  para- 
mount, and  the  provincial  statute  would  be  inoper- 
ative. However,  the  determination  of  the  existence 
of  such  a  conflict  and  its  consequences  is  a  difficult 
issue  of  constitutional  law,  and  prediction  is  a  pre- 
carious undertaking  even  for  constitutional  ex- 
perts. Co-operation  between  federal  and  provin- 
cial authorities  is  needed  to  avoid  delay,  expense, 
and  uncertaintv  about  the  allocation  of  responsibil- 
ities. One  of  the  possible  avenues  for  co-operation 
is  Bill  C-14,  which  permits  the  Nuclear  Control 
Board  to  enter  into  agreements  with  Ontario  Min- 
istries for  compliance  and  inspection  services;  to 
incorporate  provincial  laws  by  regulations;  and  to 
make  compliance  with  provincial  laws  a  condition 
of  a  licence.  If  it  is  enacted  we  encourage  the  mak- 
ing of  appropriate  agreements. 
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The  Regulatory  Process 

Standards  setting,  licensing  and  monitoring  of  such 
a  complex  technology  as  nuclear  power  are  based 
on  scientific  analysis,  experimentation  and  proba- 
bility theory.  In  balancing  the  benefits  against  the 
potential  risks  the  regulator  must  often  make  a 
choice  between  a  range  of  interrelated  alterna- 
tives. In  making  such  choices  the  AECB  relies  on 
the  evaluation  conducted  by  a  small  cadre  of  ex- 
perts within  the  Board  as  well  as  the  independent 
input  from  its  many  advisory  committees.  The 
Board's  staff  can  often  bring  a  global  perspective  to 
a  decision  because  they  have  developed  close 
working  relationships  with  experts  associated  with 
other  international  regulatory  agencies.  On  the 
other  hand,  many  members  of  the  advisory  com- 
mittees are  closely  a.ssocialed  with  the  nuclear  in- 
dustry and  therefore  can  bring  to  the  attention  of 
the  Board  the  economic  implications  as  well  as  the 
.safety  implications  of  a  pending  decision.  The 
Board  weighs  both  inputs  but  it  is  important  to 
note  that,  to  date,  no  facility  or  process  has  been 
licen.sed  or  new  standard  accepted  without  an  af- 
firmative recommendation  from  the  appropriate 
advisory  committee. 

The  Board  (i.e.,  regulator)  is  often  criticized  for 
considering  costs  when  evaluating  health,  environ- 
ment and  safely  measures.  We  do  not  endorse  such 
criticism.  While  the  regulator  must  be  vitally  in- 
terested in  the  pre.servation  of  nuclear  .safety  there 
must  be  a  conscious  awareness  of  the  economics  of 
the  measures  being  proposed  which  must  be  txd- 
anced  against  the  risks  that  are  being  averted. '" 

The  complexity  of  the  technology  and  the  engi- 
neering, scientific,  and  medical  research  and  evalu- 
ation that  must  be  conducted  re(|uire  the 
knowledge  and  skills  of  experts  in  nuclear  matters. 
Given  the  limited  number  of  nuclear  experts  in 
Canada,  we  accept  that  a  close  working  relation- 
ship must  exist  between  the  regiilator  and  the  reg- 
ulated. Moreover,  the  elo.sed  Canadian  regiilatorv 
approach  has  fostered  frank  discussion  between 
the  regulator  anil  the  regulated,  and  has  led  to  posi- 
tive resolution  of  health  antl  safet\  issues.  \\'e  ha\  e 
no  doubt  that  the  Canadian  public  has  been  well 
served  In  di-cisions  u  iiich  led.  for  example,  to  the 
development  of  stringent  Canadian  retiuirements 
for  dual  safety  systems  and  containment  structures. 


We  are  also  convinced  of  the  ongoing  vigilance  of 
the  AECB  and  its  committees  on  safety  matters  and 
of  their  commitment  to  improve  safety  criteria. 
The  advisorv  committees  have  been  a  major 
strength  of  the  Canadian  regulatory  process  and 
should  be  continued. 

.\s  the  debate  on  nuclear  regulation  unfolds  we 
suggest  that  the  focus  may  shift,  and  the  challenge 
will  be  to  design  institutions  and  procedures  that 
respect  the  expert,  allowing  him  to  research  and 
develop  decisions,  but  which  at  the  same  time  per- 
mit the  testing  and  control  of  these  decisions  and, 
in  particular,  demand  accountability.  We  will  be 
exploring  this  and  related  topics  further  in  our  final 
report,  including  the  application  of  Delphi  techni- 
(jues  and  the  science  court  approach  to  decision- 
making. 

We  endorse  the  general  principle  of  "open- 
ness "  of  the  regiilatorv  process.  Openness  encom- 
passes inanv  possibilities,  from  more  detailed  ex- 
planation of  reasons  for  decisions  to  broader 
involvement  in  decision-making.  \  per\asive  issue 
is  the  availability  of  information  on  the  health  and 
safetv  implications  of  nuclear  power.  W'e  are 
aware  of  efTorts  bv  the  nuclear  industr\  to  de\  elop 
and  distribute  helpful  information  to  the  general 
public.  The  .\ECB  itself  is  accepting  a  central  role 
as  a  source  of  independent  public  information. 
However,  although  some  t\pes  of  information  are 
available  in  over-abimdance.  there  are  increasing 
demands  for  access  to  detailed  technical  material 
(often  of  a  "preliminarv"  nature'  now  available 
onlv  to  the  industrv  and  to  the  regidators.  The 
Commission's  view  on  access  to  information  is  that 
disclosure  should  be  the  nile.  and  exceptions 
should  be  sharpiv  limited.  During  the  course  of  our 
hearings,  for  instance,  we  re\  iewetl  the  Bniee  and 
Pickering  Safetv  reports,  a  postulated  lo.ss-of- 
coolant  accident  report,  the  Bnice  Reactor  S;ifely 
Notes,  and  cjuarterlv  operating  reports,  and  con- 
cluded that  on  safel\  or  securit\  groumls  there  is  no 
apparent  reason  to  withhold  this  information,  ex- 
cept that  relating  to  floor  plans,  for  example,  from 
the  public.  The  information  should  also  lie  con- 
venieutK  accessible:  some  of  the  documents  men- 
tioned abo\  e  u  ere  in  fact  a\  ailable  but  at  restricted 
locations,  and  their  availaliilit\  w;is  not  generallv 
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known  even  to  groups  actively  involved  in  the  nu- 
clear debate. 

Public  participation  is  increasingly  being  rec- 
ognized as  an  essential  component  of  decision- 
making on  nuclear  matters.  Much  of  the  work  of 
the  .scientific  and  engineering  community  has  been 
and  will  increasingly  be  subject  to  public  scrutiny. 
We  endorse  this  direction,  because  we  believe  that 
although  the  details  of  experts"  decisions  mav  be 
comprehensible  to  only  a  few,  many  of  the  uncer- 
tainties of  risk  analysis  and  many  of  the  choices  to 
be  made  can  and  should  be  more  fully  explained  to 
the  general  public,  and  should  receive  the  benefit 
of  public  input.  But  caution  should  be  exerci.sed  in 
our  expectations  of  public  participation.  Decisions 
will  still  require  technical  and  scientific  data  and 
recognizing  this  fact,  there  must  be  a  careful  devel- 
opment of  the  appropriate  purposes,  timing  and 
procedures  for  public  participation.  We  will  be 
giving  further  consideration  to  this  subject  in  the 
remaining  sections  of  this  chapter. 

Standard  Setting 

The  AECB  has  extensive  knowledge,  based  on  ex- 
perience, relating  to  the  design  of  nuclear  facili- 
ties, but  most  of  this  has  not  been  expressed  in  writ- 
ing. Consequentlv,  manv  of  the  niles,  design 
standards  and  licensing  criteria  have  existed  onl  v  in 
the  minds  of  the  staff  of  the  Board,  the  staff  of  the 
utilities  and  the  members  of  the  advisory  commit- 
tees. This  lack  of  clear  written  statements  has  led  to 
considerable  debate  between  the  regulator  and  the 
licensee  (e.g.  Ontario  Hydro)  on  the  intent  and  lim- 
itations of  the  standards.  Recently  the  Board  has 
begun  to  document  niles  and  guidelines  for  all  as- 
pects of  the  fuel  cvcle."  Some  are  prepared,'^  oth- 
ers are  in  the  process  of  feeing  written,  and  still 
others  —  for  example,  rules  relating  to  facilities  for 
permanent  spent  fuel  storage  —  cannot  be  devel- 
oped until  the  appropriate  technology  is 
established.  We  support  this  undertaking.  To  the 
extent  that  knowledge  and  experience  permit, 
rules  (and  guidelines)  made  openly,  and  known  by 
those  who  are  affected,  can  enable  the  process  of 
approval  to  proceed  more  efficiently  and  fairly. 


In  the  United  States,  explicit  and  detailed  de- 
sign standards  are  specified  by  the  regulatory  agen- 
cies. By  contrast,  Canadian  regulators  have  not  at- 
tempted to  specify  design  but  instead  have  set 
radiation  exposure  and  other  standards  as  design 
objectives.  For  example,  regulations  under  the 
Atomic  Energy  Control  Act  specify  the  maximum 
permissible  radiation  exposures  for  atomic  radia- 
tion workers  and  for  the  general  population.  The 
industry  establishes  its  design  criteria  to  meet 
these  objectives.  Despite  criticisms  that  the  propo- 
nent mav  consequentlv  be  able  to  manipulate  the 
regulator,  we  believe  that  this  approach  is  appro- 
priate because  it  makes  the  proponent  clearly  ac- 
countable for  design  decisions. 

The  standards  are  updated  as  new  and  better 
approaches  are  found  for  meeting  safety  require- 
ments. To  this  end,  the  AECB  participates  with 
international  agencies  in  research  on  areas  of  mu- 
tual concern.  For  example,  regulatory  bodies 
throughout  the  world  are  sharing  information  on 
emergency  core  cooling  systems  in  order  to  im- 
prove the  safety  of  nuclear  reactors.  Since  current 
research  may  also  lead  to  the  necessity  of  upgrad- 
ing existing  installations,  the  AECB  is  involved  in 
international  investigations  on  retrofitting  facili- 
ties. Similarly,  co-operative  research  on  an  interna- 
tional scale  is  under  way  to  develop  universally 
applicable  siting  criteria. 

Some  of  the  rules  concerning  the  design  of  fa- 
cilities are  regulations,  requiring  the  approval  of 
the  Governor  General  in  Council,  and  generally 
having  the  same  effect  as  legislation,  and  others  are 
merely  informal  guidelines.  The  choice  between 
these  forms  has  implications  for  controlling  com- 
pliance and,  more  important,  for  the  scope  of  hear- 
ings for  approval  of  individual  facilities.  Which- 
ever form  is  used,  the  role  of  the  advisory 
committees  has  been  important,  and  we  have  al- 
ready commented  on  the  desirability  of  their  con- 
tinued and  expanded  involvement.  Other  inter- 
ested groups  and  individuals  have  had  no  right  to 
participate,  and  we  have  concluded  that  rights 
should  be  given.  However,  we  do  not  wish  to  sug- 
gest traditional  adjudicative  hearings  for  all  rules. 
Procedures  must  be  appropriate  for  the  kind  of 
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decision  being  made,  and  might  range  from  an  ad- 
judicative hearing  to  an  opportimity  to  make  writ- 
ten comments.  We  approve  the  minimum  recjuire- 
ment  in  Bill  C-14:  "a  reasonable  opportunity  ...  to 
make  recommendations"  about  proposed  regula- 
tions. The  procedures  for  participation  in  making 
guidelines  can  be  more  informal  and  should  be  left 
to  the  discretion  of  the  AECB.  These  issues  relating 
to  the  form  of  ndes,  and  the  rights  to  participate  in 
making  them,  are  general  issues  that  we  will  con- 
sider at  length  in  our  final  report. 

Licensing 

Another  important  and  visible  function  of  the 
AECB  is  the  consideration  of  applications  for  li- 
cences to  constnict  and  operate  nuclear  facilities. 
Both  the  AECB  and  the  provincial  bodies  place 
considerable  emphasis  on  licensing  because  it  is 
easier,  and  less  costly,  to  require  and  to  include 
protective  systems  when  a  facility  is  initially  being 
constructed  than  it  is  to  retrofit  the  facilitv  at  a  later 
date.  Licensing  is  a  lengthy  procedure,  involving 
ongoing  consultation  between  the  Board  and  the 
applicant.  It  usually  has  three  stages:  site  approval, 
constniction  licence,  and  operating  licence  (see 
Figure  12-1).  At  each  step,  the  Reactor  Safety  .ad- 
visory Committee  and  the  appropriate  Board  staff 
review  the  reports  re(  juired  from  the  applicant  and 
make  a  reconunendation. 

We  mentioned  previously  that  none  of  the  reg- 
ulatory bodies  has  specified  the  actual  design  re- 
(juired  for  approval.  However,  the  AF^CB  must 
examine  critically  almost  every  decision  made  bv 
the  designers  of  nuclear  reactors  and  other  nuclear 
facilities.  To  test  the  safety  of  design  features  under 
extreme  conditions,  for  example,  the  Board  has 
recjuired  the  applicant  to  calculate  the  effect  of 
postulated  accident  situations,  and  to  prove  that 
the  nuclear  installation  would  not  be  imsafe  under 
such  conditions.  The  burden  of  proof  is  placed  on 
the  proponent.  W'e  encourage  the  continuation  of 
this  practice. 

In  the  past,  interested  indi\'iduals  and  groups 
have  had  no  right  to  participate  in  the  licensing 
process.  We  have  concludecl.  however,  that  such  a 
right  to  participate  should  be  given.  Bill  C-14  re- 
(juires,  as  a  mininuun,  a  "public-  hearing"  concern- 
ing applications  for  licences  to  construct  nuclear 


facilities  (except  for  some  very  small  facilities).  We 
approve  this  recjuirement.  The  constniction  stage 
appears  to  be  the  appropriate  stage  for  a  hearing, 
because  the  operation  stage  comes  too  late  to  per- 
mit an  effective  hearing,  unless  some  sudden 
change  in  technology  occurs.  The  recent  experi- 
ence in  the  United  States  suggests  that  unless  care 
is  taken  in  the  timing,  the  scope,  and  the  proce- 
dures for  licensing  hearings,  they  inay  l)ecome 
lengthy,  fnistrating  and  liitler.  We  suggest  that 
they  be  held  earlv  enough  to  permit  meaninyful 
public  input  and  to  avoid  an\  appearance  that  the 
outcome  has  already  been  determined  bv  negotia- 
tions among  the  applicant,  the  Board  staff  and  the 
advisory  conunittees.  The  scope  of  the  hearing 
must  be  limited  to  the  appropriate  concerns  of  the 
AECB:  to  protect  health,  safety  and  the  environ- 
ment from  the  risks  associated  with  the  use  of  nu- 
clear power.  In  particular,  the  hearings  should  not 
consider  general  energ\'  policv,  economic  and  so- 
cial choices,  or  the  need  for  the  individual  facilitv 
or  nuclear  power  generally. ''These  matters  should 
be  the  responsibility  of  the  CJovemment  of  Ontario 
—  in  some  instances  (e.g.  need)  public  hearings  w  ill 
be  held.  The  procedures  nuist  gi\e  interested 
groups  and  individuals  a  reasonable  opportunity  to 
test  the  application  and  to  submit  evidence,  opin- 
ions and  argmnent.  These  issues  of  the  appropri- 
ateness of  hearings  and  procedures  are  general  is- 
sues, which  we  will  consider  at  length  in  ovir  final 
report.  However,  one  particular  issue  needs  com- 
ment. Dviring  the  licensing  process  debate  ma\ 
turn  to  design  standards  that  regulate  the  facilitv 
under  consideration.  In  our  opinion  the  right  to 
participate  must  permit  adecjuate  opportvmit\  for 
discussion  of  these  subjects,  but  at  the  siune  time 
must  a\()icl  substantial  duplication  w  ith  the  proce- 
dures earlier  discussed  under  standards  set  ting. 

The  federal  licensing  process  iiuist  l>e  carefulK 
co-ordinated  with  the  pro\  incial  appro\  al  proce.vs. 
to  avoid  delav.  confusion,  and  duplication  of  the 
efforts  of  the  applicmt.  In  both  the  federal  and 
pro\incial  processes  site  appro\al  ret|uires  special 
attention,  and  possibh  joint  hearings  would  In*  use- 
ful. In  general,  we  suggest  .is  nuich  use  as  {vissible 
of  conuuon  documents. 
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Figure  12.1  AECB  Process  for  Approving  a  Nuclear  Facility 
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Compliance 

The  compliance  function  of  the  AECB  is  intendeci 
to  ensure  that  nuclear  facilities  are  operating  and 
maintained  in  accordance  with  the  conditions  of 
the  operating  licence  and  the  technical  and  admin- 
istrative documents  to  which  the  licence  refers. 
Reports  on  the  facilities  are  submitted  to  the  Board 
quarterly  by  AECB  staff  and  annually  by  the  li- 
censee. Operating  licences  for  nuclear  facilities  are 
not  licences  in  perpetuity;  rather,  the  Board  issues 
licences  for  periods  of  one,  two  or  five  years  (see 
Annex  G).  Licence  renewal  provides  an  opportu- 
nity for  regular  review  by  the  Board  staff,  the  Reac- 
tor Safety  Advisory  Committee,  and  the  Board 
itself. 

Since  its  inception,  the  AECB  has  followed  a 
philosophy  of  constant  on-site  inspection  and  mon- 
itoring of  nuclear  facilities  by  a  resident  inspector. 
The  on-site  inspector  is  supported  by  the  Reactor 
Safety  Advisory  Committee  and  the  head  office 
staff  of  the  Board  who,  at  appropriate  intervals, 
tour  the  facilities,  meet  with  the  operators,  and 
discuss  safety-related  issues.  The  identification  of 
safety  prol)lems  in  one  plant  can  lead  to  further 
investigation  of  similar  problems  which  might 
arise  in  other  plants.  It  was  this  type  of  review  that 
uncovered  the  difficulties  with  the  present  emer- 
gency core  cooling  system  in  CANDU  reactors. 
The  Board  took  immediate  action  to  find  corrective 
measures  that  would  allow  safe  ongoing  produc- 
tion of  electric  power. 

The  use  of  resident  inspectors  has  considerable 
merit  and  should  be  continued  in  every  portion  of 
the  fuel  cycle.  But  while  we  endorse  the  concept  of 
resident  inspectors,  two  issues  recjuire  comment. 
First,  the  resident  inspectors  must  not  onlv  be  inde- 
pendent, but  must  also  be  seen  to  be  independent. 
Small  problems  can  be  dealt  with  promptly  bv  the 
resident  inspector.  However,  a  significant  change 
often  re(|uires  considerable  negotiation.  Because  it 
may  appear  that  the  inspector  "has  to  bargain" 
with  the  licensee  to  bring  about  alterations,  it 
would  be  desirable  if  the  regular  reports  filed  In 
the  inspector  were  made  public. 

Secondly,  it  might  be  desirable  to  provide  a 
broader  range  of  regulatory  tools  to  the  resident 
inspector.  Re-licensing  is  one  opportunity  for  en- 
suring compliance  by  a  licensee.   However,  the 


time  interval  between  licence  reviews  mav  f)e  too 
lenglhv  for  timelv  action.  More  fre(|uent  review 
might  be  helpful.  For  some  non-compliance  mat- 
ters, the  cancelling  of  a  licence  or  refusing  to  re- 
license  imder  full  power  mav  be  too  severe  a  pen- 
alty. A  more  appropriate  approach  might  be  to 
give  powers,  similar  to  those  administered  bv  the 
Ontario  Ministry  of  the  Environment,  to  order  dif- 
ferent degrees  of  penalties,  which  can  l)e  associ- 
ated with  different  infringements.  In  other  words, 
Ontario  Hydro  could  be  ordered  to  carry  out  cor- 
rective actions.  Because  these  orders  are  public 
documents,  the  pul)lic  can  at  the  same  time  be  re- 
assured that  the  regulatory  authority  is  carrying 
out  its  fimction  and  made  aware  of  difficulties  with 
particular  components  and  operations  of  the  nu- 
clear fuel  cycle. 

Public  Liability 

.\s  discussed  in  Chapter  6,  an  accident  causing  an 
imcontrolled  release  of  radioactivity  is  e.xtremelv 
unlikely.  However,  as  dealt  with  also  in  the  .same 
chapter,  if  one  does  occur,  it  will  cause  extensive 
personal  injuries  and  damage  to  property.  legisla- 
tion regarding  public  liability  has  been  enacted  in 
most  countries  that  have  nuclear  power  facilities. 
For  e-xample,  in  the  United  States,  the  Price-.\n- 
derson  Act  was  enacted  in  1957.  and  liabilit\'  legis- 
lation was  drafted  in  many  European  countries  fol- 
lowing discussions  in  the  early  196()s.  In  Canada, 
the  Nuclear  Liability  .\ct  was  enacted  in  1970  and 
proclaimed  in  1976.  The  .\ECB  has  a  linnted  role 
to  designate  nuclear  installations  and  to  prescribe 
the  basic  insurance  recjuirements  for  such  installa- 
tions. Through  the  Nuclear  Energ\'  .\genc%'  of  the 
OECD,  Canada  is  participating  in  a  major  re-e\al- 
uation  of  the  inaximiun  amount  of  liabilit\'.  the 
substances  that  are  subject  to  liabilitv  coverage, 
and  the  definition  of  "nuclear  installations"  in  this 
kind  of  legislation. 

The  Nuclear  Liability  .\ct  is  di\ided  into  two 
major  parts.  Part  I  imposes  liabilit\  on  "an  opera- 
tor", regardless  of  fault,  for  all  personal  injury  and 
damage  to  propert\  that  is  "occasioned  ;ls  the  re- 
sult of  the  fissionable  or  radioactive  properties ..." 
of  nuclear  material  in  a  nuclear  facility  or  in  transit 
to  or  from  the  facility.  The  operator  must  obtain  at 
least  $75,CKK),tKK)  of  insurance  against  this  liability. 
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However,  if  the  total  liability  from  an  accident 
seems  likely  to  exceed  $75,000,000  or  if  "it  is  in  the 
public  interest  to  provide  special  measures  for 
compensation",  the  federal  government  must 
make  a  declaration  that  the  liability  falls  under 
Part  II  of  the  Act.  A  specialized  tribunal,  the  Nu- 
clear Damage  Claims  Commission,  must  be  estab- 
lished, to  hear  claims  for  compensation.  The  liabil- 
ity of  the  "operator'  to  the  public  would  be 
terminated,  but  it  must  pay  the  government  $75,- 
000,000.  The  Nuclear  Damage  Claims  Commis- 
sion would  not  pay  compensation.  Instead  it  would 
make  orders  for  compensation,  which  the  Minister 
responsible  for  enforcing  the  Act  may  pay,  but  no 
more  than  $75,000,000  may  be  paid  without  the 
approval  of  Parliament.  The  government  may 
make  regulations  about  limits  on  awards,  priorities 
among  claimants,  means  of  payment,  requirements 
for  proof  of  claims,  and  time  limits. 

We  approve  the  general  objectives  of  the  Nu- 
clear Liability  Act.  The  basic  principle  is  that  any- 
one who  suffers  loss  from  a  nuclear  accident  should 
be  paid  reasonable  compensation  regardless  of 
fault.  If  the  losses  are  confined  to  a  few  individuals 
or  a  small  area,  the  compensation  should  be  paid  by 
Ontario  Hydro.  The  claims  should  be  made  in  the 
courts,  and  governed  by  the  general  ndes  covering 
these  kinds  of  losses  and  measure  of  damages,  al- 
though minor  changes  about  causation  and  time 
limits  may  be  useful.  But  if  the  losses  are  immense 
and  widespread,  compensation  should  be  paid  by 
government.  The  claims  should  be  administered 
fiy  the  Nuclear  Damage  Claims  Commission,  and 
some  limits  may  have  to  be  imposed  on  the  kinds  of 
losses  for  which  compensation  is  made.  This  limita- 
tion of  the  liability  of  the  utility  is  really  a  form  of 
subsidy  as  we  pointed  out  in  Chapter  7. 

The  Act  does  not  impose  an  obligation  to  pay 
this  compensation  under  Part  II.  This  lack  of  pre- 
cise obligation  is  unavoidable,  because  of  the  possi- 
ble need  to  make  appropriate  arrangements  and 
limits  that  cannot  now  be  foreseen,  but  the  basic 
principle  remains:  the  government  should  pay  rea- 
sonable compensation.  Whether  the  provincial 
government  or  the  federal  government  or  both 
should  pay  this  compensation  is  a  difficult  issue. 
The  particular  facility  as.sociated  with  an  accident 
is,  in  the  case  of  Ontario,  owned  and  operated  by 


the  provincial  utility  for  the  benefit  of  the  residents 
of  the  province,  but  the  federal  government  has  a 
large  role  in  and  commitment  to  the  general  nu- 
clear programme  of  the  nation.  Clearly,  sharing  of 
such  costs  should  be  considered. 

If  a  massive  disaster  occurs,  a  wide  range  of 
other  government  responses  —  for  example,  the 
provision  of  medical  treatment,  food,  and  shelter 
and  community  relocation  —  would  be  necessary. 
Although  the.se  needs  are  difficult  to  predict,  re- 
sponsibility and  authority  for  making  responses 
should  be  established. 

Decisions  on  "Need  for  Nuclear  Power" 

As  we  mentioned  at  the  outset  of  this  chapter,  the 
question  of  the  "need"  for  nuclear  power  is  one 
which  the  public  has  increasingly  brought  before 
regulatory  bodies.  Many  interveners  argue  that 
hearings  on  health,  environment  and  safety  are 
unnecessary,  because  nuclear  power  itself  is  un- 
necessary. Much  of  their  argument  centres  on  the 
relationship  between  economic  growth  and  en- 
ergy supply,  future  lifestyles,  the  social  effects  of 
centralized  energy  technologies  and  the  allocation 
of  capital  resources  among  competing  energy  al- 
ternatives. This  argument  has  been  put  forth  by 
both  the  supporters  of  a  renewable  energy  future 
and  those  who  advocate  an  acceleration  of  high 
technology.'"  From  our  perspective  the  issue  is  not 
whether  the  question  of  need  should  be  debated 
but  rather  where  and  when  it  should  take  place. 

In  our  view  an  expanded  nuclear  power  pro- 
gramme should  be  considered  as  a  component  — 
but  only  one  of  many  —  of  a  broader  energy  policy 
for  the  province.  So  that  nuclear  power  can  be  ana- 
lyzed as  part  of  an  overall  energy  strategy,  we 
believe  that  a  holistic  evaluation  of  generation  op- 
tions should  be  made  on  a  regular  basis.  Total  fuel 
cycles  should  be  considered  in  terms  of  compara- 
tive risks,  employment  and  industrial  strategies, 
social  and  environmental  effects,  and  intergovern- 
mental relations.  We  believe  that  the  rationale  for 
a  nuclear  project  should  be  open  to  public  scnitiny. 
In  our  view  the  Ontario  Environmental  Assess- 
ment Act  provides  the  appropriate  basis  for  public 
review  of  the  comparative  social  and  environmen- 
tal implications  of  a  nuclear  power  development. 

However,  even  if  the  province  provides  fair 
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and  adetjiiate  scnitinv  of  need,  some  intervenors 
have  suggested  that  the  federal  Board  should  itself 
judge  the  need  for  and  appropriateness  of  nuclear 
technology  to  meet  future  energy  reciuirements. 
The  AECB,  on  the  other  hand,  has  heen  very  firm  in 
its  conviction  that  the  decision  on  the  kind  of  tech- 
nology used  to  generate  electricity  is  a  matter  to  be 
resolved  at  the  provincial  level.  We  concur  with 
this  position.  The  federal  agency  should  concen- 
trate on  the  important  specific  matters  relating  to 
safety,  security,  health  and  environment. 

Regulation  and  the  Nuclear  Debate 

The  complexity  of  the  technology  and  the  deep 
polarization  of  opinion  both  on  the  broader  aspects 
of  technology  choice  and  the  more  specific  cjues- 
tions  of  risk  and  benefit,  complicate  decisions 
about  nuclear  power.  Such  decisions  are  "politi- 
cal" in  the  broad  sense  of  the  word  because  they 
involve  choice  among  competing  interests  and 
value  systems  and  a  consecjuent  allocation  of  costs, 
risks  and  benefits.  Government  is  deeply  involved 
in  all  aspects:  the  executive  and  legislative  levels 
that  make  the  broad  policy  decisions;  the  regida- 
tory  agencies  that  have  decision-making  authority, 
or  advisory  roles,  in  areas  recjuiring  specialized 
knowledge;  corporations  that  administer  the  pol- 
icy decisions. 


This  chapter  has  focussed  on  a  narrow  portion 
of  this  spectnnn,  concentrating  primariK  on  the 
mechanisms  of  regulation  and  review  of  the  health, 
safely  and  environmental  impacts  of  the  nuclear 
initiatives  of  Ontario  Hydro  and  other  public  cor- 
porations. We  have  not,  for  example,  discussed  the 
important  topic  of  regulatorv  streamlining.''  We 
acknowledge,  however,  that  public  confidence  in 
regidatorv  decisions  depends  also  on  a  perception 
of  the  need  for  nuclear  power  within  a  particular 
time  perspective.  The  choice  or  rejection  of  nu- 
clear power  in  Ontario  is  part  of  provincial  energv 
policv  involving  a  comparison  of  the  total  impact 
of  energy  technologies,  including  conservation. 
Such  an  evaluation  also  affects  emplovment  and 
industrial  strategy  and  social  and  environmental 
policy.  Although  the  (juestion  of  need  should  be 
publicly  debated,  much  of  the  debate  should  take 
place  through  the  political  process  rather  than  at 
regulatory  hearings.  But  decisions  about  nuclear 
power  will  be  acceptable  onlv  if  made  through  an 
open  process  by  those  who  are  fullv  accountable 
for  their  decisions.  Part  of  the  challenge  of  institu- 
tional and  procedural  design  is  to  ensure  an  appro- 
priate allocation  of  responsibilit\'  for  decisions 
among  the  different  t\  pes  of  "government"  and  an 
acceptable  process  of  decision-making.  We  will 
examine  this  topic  in  detail  in  further  hearings. 


Chapter  Thirteen 

The 

Hard  Decisions 

Ahead 


XHERE  is  no  reason  to 
believe  that  the  major  physical,  social,  economic 
and  psychological  adjustments  to  new  energy 
sources  and  policies  will  be  easy,  especially  in  view 
of  the  increasing  complexity  and  inbuilt  inertia  of 
modern  society.  The  conditions  during  the  period 
1983-93  and  beyond  will  necessitate  an  expanding 
search  lor  innovative  and  more  sustainable  sources 
of  energy,  a  more  efficient,  elegant  and  wise  use  of 
energy  and  most  importantly,  the  realization  that 
our  energy  balance  may  depend  on  a  remoulding 
and  reshaping  of  our  institutions,  organizations  and 
value  systems.  Diversity,  flexibility  and  resiliency 
should  characterize  our  energy  supply  systems. 
Renewable  and  non-renewable,  centralizetl,  and 
decentralized  systems  should  be  deployed.  We 
believe  that  there  should  be  increasing  efforts  to 
match,  most  appropriately,  energy  (jualitv  with 
end-use  rcciuiremenls.  Institutional  barriers,  other 
than  ecological  controls,  should  be  removed  to  al- 
low for  lull  development  of  all  technologies  \\  liicli 
are  appropriate  to  Ontario  s  rcsovuces  and  needs. 
Above  all,  government,  energy  corporations  and 
citizens  nuist  co-operate  in  the  development  of  an 


energy  system  which  is  both  responsive  to  chang- 
ing societal  needs  and  eijuilable  in  the  allocation  of 
costs  and  benefits. 

It  is  highly  probable  that  before  the  turn  of  the 
century  we  will  begin  to  experience  shortfalls  in 
oil  supplies.  The  challenge  we  face  is  to  minimize 
the  social  conse(|uences  by  striving  to  ensure  that, 
at  worst,  inconvenience  rather  than  trauma  results. 
Ovir  strategy  should  seek  to  create  an  orderly,  sus- 
tainable energy  supply  while  reducing  exponen- 
tial growth  in  energy  demand  without  restraining 
economic  growth.  .Substitution  for  depleting  oil 
resources  must  come  from  a  range  of  options  in- 
cluding conservation,  renewable  energy  systems, 
coal  and  electricity.  There  will  have  to  be  an  inten- 
sification of  research  and  development  pro- 
grammes as  well  as  demf)nstration  and  commer- 
cialization of  substitutes  for  the  conventional 
energy  sources.  The  objectives  should  be  to  stretch 
existing  fuel  supplies  and  to  utilize  indigenous  en- 
ergy sources  to  the  greatest  extent  possible.  A  goal 
f)f  provincial  energy  self-sufficiency  is  in  our  view 
not  achievable.  Inevilabh  we  believe  u  e  will  have 
to  develop  with  our  neighbours  a  more  integrated 
energy  strategy.  A  necessary  starting  point  is  the 
continuing  development  of  a  comprehensive  pro- 
vincial energy  policy  which  is  open  to  public  dis- 
cussion.' However,  ultimateU  we  must  face  the 
necessity  of  co-operating  in  the  development  of 
not  only  a  national  but,  perhaps,  a  continental  en- 
ergy policN.  .\lthough  the  (juestion  of  "electric 
power  interconnections'  remains  to  be  debated, 
there  is  obviously  scope  for  innovation.  One  need 
look  no  further  than  the  continental  telephone  s\s- 
tem  to  recognize  the  benefits  to  be  derived  from 
rationalizing  .service,  ecjuipment  and  capital.  It  is 
our  present  belief  that  a  continental  intercon- 
nected electricit\  system  w  ould  allow  for  a  similar 
optimization,  for  the  maximum  use  of  renewable 
electrical  generation  systems,  and  for  the  minimi- 
zation of  the  need  for  new  generating  capiicitN .  .\ 
continuous  upgrading  of  existing  interconnections 
isclearK  desirable. 

In  our  se.irch  for  r.ipitl  development  of  energ) 
suppi\  substitutes  we  must  alua\s  lie  aw  are  of  the 
risks  anti  costs  to  man  antl  his  en\  ironment.  \\'e 
nuist  not  become  so  short-sighted  that  we  destroy 
our  food  lands,  mismanage  our  forests,  or  pollute 
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Figure  13.1  Ontario  Hydro's  East  System  Base  Load  Capacity  Requirements  to  2000 
For  Different  Rates  of  Peak  Load  Growtfi 
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our  watercourses,  and  therefore,  leave  a  legacy  of 
environmental  degradation  to  our  future  genera- 
tions. Clearly  no  single  energy  technology  has  a 
monopoly  on  the  solution  to  these  problems.  In  this 
report,  for  example,  we  have  dealt  extensively 
with  the  environmental  problems  associated  with 
the  nuclear  fuel  cycle.  But  for  technologies  such  as 
the  transportation  of  liquefied  fuels  (e.g.,  propane 
and  liquefied  natural  gas),  the  production  of  chemi- 
cals and  pesticides,  and  the  refining  and  smelting  of 
metals  also  give  rise  to  formidable  insults  to  the 
environment.  Although  participants  in  our  hear- 
ings displayed  polarity  in  their  views,  particularly 
on  the  issue  of  nuclear  power,  we  noted  a  high  level 
of  agreement  on  fundamental  issues  of  society,  in- 
cluding: the  protection  of  the  ecosystem,  the  pres- 
ervation of  agricultural  lands,  the  maintenance  of 
living  standards  and  the  wise  use  of  non-renewable 
resources. 

Society's  perceptions  of  the  need  for  nuclear 
power  depend  to  a  large  extent  on  its  perceptions 
of  the  future  demand  for  electricity.  In  Chapter  2, 
we  presented  three  scenarios  —  "high"  (6  per  cent), 
"medium"  (4  per  cent),  and  "low"  (2  per  cent)  an- 
nual growth  in  demand  for  electrical  energy  in 
Ontario  for  the  period  1975  to  2000.  We  believe  all 
are  credible  but  the  medium  growth  rate  is  most 
probable.  The  degree  to  which  electricity  use  will 
in  fact  increase  will  depend  not  only  on  future  eco- 
nomic and  population  growth  but  in  addition,  on 
the  extent  to  which  coal,  renewable  technologies 
and  conservation  will  substitute  for  dwindling  oil 
resources.  It  will  also  depend  on  the  degree  to 
which  government  is  willing  to  manage  demand  - 
tndy  a  hard  decision.  For  an  energy-importing 
province  like  Ontario,  such  intervention  in  individ- 
ual and  corporate  energy  decisions  .should  not  be 
unthinkable.  On  a  national  basis  we  are  alreadv 
beginning  to  see  such  intervention  through  auto- 
mobile mileage  regulation,  appliance  efficiencv 
standards  and  even  preparations  for  oil  rationing. 
W'e  encourage  the  Covernment  of  Ontario  to  add 
strength  to  these  initiatives  bv  adopting  a  more  vis- 
ilile  role  in  managing  the  demand  for  all  forms  of 
energy. 

Our  analysis  of  the  foregoing  has  led  us  to  the 
conclusion  that  we  are  in  a  race  against  time,  a  race 
that  will  necessitate  prompt  action  and  many  hard 


decisions.  It  is  against  this  backdrop  that  we  will 
discuss  our  interim  conclusions  on  the  proportion 
of  nuclear  power,  future  research  need.s,  the  ap- 
propriate allocation  of  capital  and  the  role  of  the 
pufilic  in  decision-making. 

Our  analysis  of  the  future  growth  in  demand  for 
electric  power  has  led  us  to  the  conclusion  that  if 
Ontario  Hydro  is  to  service  the  additional  load  with 
a  reasonable  level  of  reliability,  then  some  expan- 
sion of  the  bulk  electrical  supply  system  before  the 
year  2000  is  inevitable.  Our  three  scenarios  for  av- 
erage growth  rates  for  electricitv  in  the  ELast  Sys- 
tem to  the  year  2(J(J0  reveal  the  following: 


Increase  in 

peak  demand 

Growth  rate 

Peak  dema 
MW 

nd 

since  1977 

2% 

23.420 

8,570 

4% 

.36,610 

21,760 

6% 

56,740 

41,890 

In  the  Table  we  have  not  included  a  coasidera- 
tion  of  Ontario  Hydro's  West  System.  The  West 
System  is  quite  small  with  a  December  1977  peak 
demand  of  845  M  W  as  compared  to  14,8.54  M\\'  for 
the  East  System.  Ontario  Hydro  is  currently  adding 
two  200  MW  coal  units  to  the  \N'est  System  which 
will  come  into  service  in  1983.  For  system  reliabil- 
ity reasons  units  larger  than  200  MW  would  not  be 
advisable  on  the  West  System.  We  therefore  have 
concluded  that,  considering  the  economics  of  200 
MW  nuclear  units,  we  believe  that  during  the  pe- 
riod up  to  the  vear  2000,  firm  contracts  to  purchase 
base  load  hydraulic  power  from  Manitoba  Hydro 
or  the  development  of  bioniicss  systems  mav  be 
superior  options.  We  will  discuss  this  further  in 
our  hearings  on  The  Total  Electric  Power  System. 
We  would  encourage  the  strengthening  of  the  in- 
terconnection with  Manitoba. 

Following  the  principle  for  Ixise  load  genera- 
tion which  we  outlined  in  Chapter  3,  the  required 
installed  base  load  capacit\  of  the  E;Lst  Svstem  in 
the  year  2000  under  the  siinie  three  scenarios 
wouid  be  low  -  19,4(X)  MW:  mediiun  -  ,30,4tXl 
M  W;  high  -  47. 1(X)  M  W.  as  shown  in  Figure  13-1. 

In  their  submission  "The  Generation  Planning 
Process"  Ontario  Hvdro  indicated  that  their  pre- 
sent planning  objective  is  to  meet  all  biise  lo;id  gen- 
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eration  re(|uirenient.s  with  a  combination  of  hy- 
draulic and  nuclear  capacity.  Upon  the  completion 
of  the  Darlington  Generating  Station  in  1988,  the 
utility  will  have  an  installed  base  load  capacity  of 
approximately  2800  MW  of  hydraulic  generation 
and  approximately  13,800  MW  of  nuclear  genera- 
tion for  a  total  of  about  16,600  M  W.  The  post-Dar- 
lington, additional  base  load  capacity  needed  by 
the  year  2000  would  he  as  follows: 

Post-Darlington 
Total  Base  load 
Load  capacity 

growth  required  to  2000 


additional  base  load 

requirements 

to  2000 


2% 
4% 
6% 


19,400 
30,400 
47,100 


A/W 

2,800 
1.3,800 
.30,500 


This  additional  base  load  capacity  could  be  met 
by  any  one  of  three  options:  all  nuclear,  all  coal,  or  a 
combination  of  a  small  amount  of  hydraulic,  some 
biomass,  some  coal  and  some  nuclear.  Although 
our  interim  conclusions  lean  strongly  toward  the 
third  option,  it  is  convenient  to  consider  the  impli- 
cations if  the  total  base  load  requirement  were  met 
with  nuclear  power.  The  needed  base  load  capac- 
ity under  the  2  per  cent  growth  rate  scenario  could 
be  met  by  one  additional  station  of  the  Darlington 
size  (.3400  MW)  while  the  base  load  retjuirements 
for  the  4  per  cent  and  6  per  cent  growth  rate  sce- 
narios would  require  respectively  four  and  nine 
Darlington-size  additional  stations.  The  require- 
ments for  capital,  heavy  water,  and  uranium  are 
indicated  in  the  table  below. 

On  December  31.  1977,  Ontario  Hydro  had 
.3800  M W  of  nuclear  power  installed.  Even  assum- 
ing a  capacity  factor  of  70  per  cent  (the  actual  value 
was  over  90  per  cent  in  1977),'  nuclear  power  was 


capable  of  supplying  27  per  cent  of  total  electrical 
energy  generated  in  the  province  during  1977. 
With  the  completion  of  the  Darlington  G.S.,  the 
nuclear  programme  operating  at  a  lifetime  ex- 
pected average  capacity  factor  of  70  per  cent  will 
be  capable  of  supplying  63  per  cent  of  total  electri- 
cal energy,  assuming  a  4  per  cent  load  growth. 
Under  the  three  scenarios,  nuclear  power,  if  fully 
deployed  in  the  year  2000  to  fill  the  additional  base 
load  requirements,  would  supply  the  following 
percentages  of  total  electrical  energy: 

Nuclear  as  a  percentage 
Growth  rate  of  total  electrical  energ) 

(at  70%  capacity  factor) 


2% 
4% 
6% 


75% 
79% 
82% 


The  addition  of  approximately  3400  MW  of 
nuclear  capacity  under  the  2  per  cent  growth  sce- 
nario would  face  no  major  constraints.  Capital 
could  readily  be  raised.  Sufficient  fuel  would  be 
available  since  the  amount  required  is  less  than  the 
excess  in  the  combined  Denison  and  Preston  con- 
tracts. The  station  could  be  located  on  an  existing 
generation  site.  The  health,  environment  and 
safety  problems  would  not  be  appreciably  more 
difficult  to  manage  than  at  present  provided  that 
satisfactory  progress  is  made  in  the  demonstration 
of  acceptable  waste  disposal  techniques.  The  sce- 
nario might,  however,  present  difficulties  for  nu- 
clear component  suppliers  who  would  face  a  lim- 
ited domestic  market  for  their  products.  Since  the 
installed  capacity  would  not  be  required  until  the 
period  1992-2001  the  availability  of  indigenous 
suppliers  at  that  time  may  be  contingent  upon 
sufficient  numbers  of  CANDU  sales  outside  of  On- 
tario. These  sales  would  be  largely  beyond  the  con- 


Load  Growth 


2% 
4% 
6% 


Nuclear  Capacity 
.\ddition 

(MW) 


3,400 
1.3,600 
30,6(X) 


Capital 

($2()00/k\V} 
Current  S* 

6.8  hillion 
27.2  billion 
61.2  billion 


30  year 

Hea\y  Water 

U 

ranium  Suppl 

tonnes 

tonnes 

.3.100 

14,400 

I2.,500 

57,5(X) 

27,500 

129,500 

"This  is  an  approximated  figure  for  capital  costs  on  an  installed  kW  basis  averaged  over  the  period  1975-2(KK)  in 
current  dollars.^ 
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trol  of  the  Government  of  Ontario.  Assuming  that 
at  least  one  domestic  supplier  will  be  available  for 
the  major  components,  we  anticipate  that  Ontario 
Hydro  should  expect  to  pay  at  least  a  10  per  cent 
premium  on  the  price  of  CANDU  components. 

The  addition  of  four  stations  (i.e.,  1.3,600  MW) 
under  the  4  per  cent  growth  scenario  could  proba- 
bly be  financed  without  jeopardizing  the  provin- 
cial credit  rating  provided  there  were  appropriate 
increases  in  electricity  rates.  As  to  fuel,  approx- 
imately five  reactors  of  the  850  MW  size  could  be 
fuelled  for  their  lifetime  based  on  the  surplus  in  the 
existing  long  term  uranium  contracts.  However,  in 
addition  to  this  uranium,  approximately  40,000 
tonnes  would  have  to  be  acquired  to  ensure  that  the 
reactors  could  operate  on  a  once-through  cycle. 
We  are  of  the  opinion  that  Ontario  Hydro  could 
probably  secure  this  additional  fuel,  although  per- 
haps on  terms  less  favourable  than  the  recent  con- 
tract and  probably  not  within  Ontario.  The  level  of 
orders  to  the  component  industry  that  would  result 
from  four  additional  stations  would  probably  be 
sufficient  to  en.sure  the  availability  of  at  least  one 
supplier  for  each  major  component.  Siting  of  these 
stations  coidd  be  partially  accommodated  on  exist- 
ing sites  although  it  is  expected  that  the  utility 
would  have  to  acquire  one  additional  dedicated 
site  for  a  programme  of  this  size. 

The  status  of  the  waste  management  pro- 
gramme in  the  early  1980s  could  prove  to  be  a  ma- 
jor constraint  to  the  addition  of  13,600  MW  of  nu- 
clear power.  .Significant  advances  would  have  to  be 
demonstrated  before  a  programme  of  this  size 
should  be  endorsed  by  government.  We  are  also 
concerned  about  the  resiliency  and  viilnerabilit  v  of 
a  svstem  that  would  use  such  a  large  portion  of 
nuclear  power  to  supply  the  province's  electric 
power  and  energy  requirements.  A  major  accident 
or  terrorist  incident  at  an  Ontario  Hvdro  nuclear 
station,  or  indeed  at  any  nuclear  station  in  the 
world,  could  result  in  at  least  a  temporary  shut- 
down of  all  of  Ontario's  nuclear  capacity.  In  our 
opinion,  the  addition  of  four  nuclear  stations  after 
Darlington  (i.S.  would  not  provide  the  flexibility 
that  is  desirable  in  the  system.  Therefore,  we  have 
concluded  that  the  maxinutm  number  of  additional 
nuclear  stations  should  not  exceed  three,  that  reac- 
tor size  should  be  standardized  at  850  M  W  and  that 


one  additional  site  should  be  dedicated  to  this  nu- 
clear j)r()graiiHne.  We  have  also  concluded  that  the 
heavy  water  output  Irom  the  third  plant  at  the 
Bruce  complex  is  unnecessary  for  the  Ontario 
programme. 

We  do  not  endorse  a  nuclear  programme 
which  would  atld  nine  additional  stations  for  the 
reasons  mentioned  previously.  Furthermore,  there 
are  two  additional  concerns  which  relate  to  capital 
re(juirements  and  advanced  fuel  cycles.  The  availa- 
bility of  capital  thirty  years  hence  is  a  highly  spec- 
ulative matter.  We  have  noted  that  experts  in  the 
Ministry  of  Treasury,  Econonu'cs  and  Intergovern- 
mental Afiairs  tend  to  have  more  pessimistic  views 
on  this  long  term  (juestion  than  do  Ontario  Hydro's 
analysts.  We  believe  capital  recjuirements  for  such 
a  major  nuclear  programme  would  strain  the  up- 
per limits  of  public  capital  availability,  l^irge  rate 
increases  would  probably  be  recjuired.  We  have 
also  concluded  that  the  availability  of  indigenous 
uranium  and  associated  production  capacit\  pre- 
sents serious  potential  constraints;  these  are  only 
partially  amenable  to  action  by  the  Government  of 
Ontario.  The  uraniiun  re(]uired  would  be  more 
than  one  and  a  half  times  greater  than  the  amount 
secured  under  the  long  term  contracts  w  ith  Deni- 
son  and  Preston.  In  all  probability,  a  programme  of 
this  size  would  recjuire  the  introduction  of  ad- 
vanced C.\NDl'  fuel  cycles,  an  initiative  which 
the  Commission  does  not  endorse  at  this  time. 

The  question  of  how  best  to  supply  the  addi- 
tional base  load  recjuirement  be\ond  that  which 
three  nuclear  stations  would  pro\  ide  is  one  of  the 
hard  decisions  that  must  be  addressed.  Hydraulic 
systems  will  be  capable  of  suppKing  only  a  small 
portion  of  the  additional  retjuirement.  .\  major  coal 
station  could  pro\  ide  a  significant  portion  of  the 
.34(K)  MW  shortfall  in  retjuired  capacity  under  the 
4  per  cent  growth  scenario,  but  the  Commi.ssion 
believes  that  a  mixed  programme  of  h\(lraulic.co;d 
antl  biomass  woukl  lie  more  appropriate.  .\  mini- 
mum of  15(K)  MW  of  the  34tX)  MW  reijuirement 
should  be  supjilietl  In  biomass  generation  dexel- 
oped  on  an  energ\  forest  concept. 

Properly  managed,  a  woodland  plantation  lan 
produce  thermal  energy  at  an  equivalent  rate  of 
about  5  tonnes  of  coal  per  hectare  per  \  ear.  Fur- 
thermore, it  is  perpetual  energ\,  indigenous  to 
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Ontario,  which  may  be  in  the  form  of  wood  chips 
and/or,  eventually,  liquid  fuels.  Herein  lies  a  major 
challenge  for  Ontario.'  Based  on  a  major  study  un- 
dertaken on  behalf  of  the  Commission  by  Dr.  Mor- 
ris Wayman  and  Jairo  H.  Lora,  research  on  hybrid 
poplar  by  the  Ministry  of  Natural  Resources,  and 
encouraging  discussions  with  Dr.  J.  Hodgins  of 
Domtar  Inc.,  who  are  developing  plantation  for- 
ests, we  are  of  the  opinion  that  the  wood-fuelled 
electric  power  capacity  in  Eastern  Ontario  by  the 
year  2000  should  be  at  least  1500  MW.  The  associ- 
ated power  plant  or  plants  could  be  large  or  small. 
Furthermore,  these  plants  could  be  conventional 
or  based  on  modern  gas  turbine  technologv.  Such 
schemes  would  have  the  following  significant 
advantages: 

•  The  environmental  impacts  related  to  the  use 
of  wood  fuel  are  minimal.  Indeed,  some  of  them  are 
positive;  for  example,  the  absorption  of  carbon  di- 
oxide and  the  generation  of  oxygen;  the  use  of 
wood  ash  as  fertilizer  (only  nitrogen  would  need  to 
be  added);  and  the  creation  of  recreational  terrain. 

•  Abandoned  farmland,  as  well  as  marginal  qual- 
ity lands,  could  be  utilized  productively. 

•  The  employment-creating  potential  is 
appreciable. 

•  The  province's  educational  base  in  forestry  is 
renowned,  and  could  provide  the  personnel  base 
for  a  new  industry. 

•  The  Ministry  of  Natural  Resources  is  already 
active  in  the  development  of  fast  growing  trees, 
notably  hybrid  poplars,  and  is  pioneering  much  of 
the  development  and  demonstration  of  the 
concept. 

•  Advanced  technologies  for  processing  the 
"whole  tree"  are  now  available  and  further  ad- 
vances are  being  made. 

•  The  prospects  for  co-operative  programmes 
with  other  provinces,  especially  Quebec,  are  con- 
siderable. So  too  is  the  export  potential  of  this  new 
technology. 

Ontario  Hydro  took  a  bold  leap  forward  when 
they  participated  with  AECL  in  the  development 
and  demonstration  of  the  CANDU  reactor.  We 
believe  the  utility  will  rise  to  yet  another  challenge 
by  participating  in  a  major  development  and  dem- 
onstration programme  of  electricity  generation 
based  on  the  energy  forest  concept. 


Critical  to  the  development  of  a  flexible  energy 
future  is  a  careful  focussing  and  allocation  of  On- 
tario's capital  resources  to  both  social  develop- 
ment and  research.  Unquestionably,  there  is  a  need 
for  imagination  and  innovation,  not  only  in  applied 
science  and  technology,  but  also  in  our  social  and 
institutional  stnictures. 

Currently,  80  per  cent  of  Ontario's  population 
lives  in  urban  centres  and  this  percentage  is  in- 
creasing. Our  energy  problems  are  in  many  ways 
the  problems  of  urbanization.  The  urban  centres 
look  to  the  niral  hinterland  for  their  voracious  en- 
ergy and  resource  needs.  This  is  rapidly  resulting 
not  only  in  environmental  degradation  and  the  dis- 
appearance of  agricultural  land  but  in  an  uneven 
and  perhaps  unjust  distribution  of  risks  and  bene- 
fits. These  developments  will  increasingly  be  ex- 
pressed in  political  confrontation  as  minority  seg- 
ments of  society  express  their  desire  to  maintain  a 
particular  lifestyle. 

Governments  must  gain  control  over  the  bur- 
geoning energy  requirements  of  the  cities.  Capital 
must  be  redirected  to  allow  for  energy  efficient  city 
and  town  planning  and  for  the  retrofitting  of  exist- 
ing stnictures.  The  practice  of  energy  conservation 
in  its  most  basic  sense  should  underpin  the  plan- 
ning process.  In  the  short  term,  large  capital  ex- 
penditures may  be  needed  to  achieve  energy  effi- 
ciency in  the  long  term.  Among  the  ideas  which  we 
believe  deserve  very  serious  assessment: 

•  district  heating  based  on  high-efficiency  co- 
generation  plants; 

•  total  energy  management  systems  for  large 
apartment,  shopping  and  office  complexes  which 
capitalize  on  renewable  resources  and  on  the  effi- 
cient utilization  of  primary  fuels; 

•  an  efficient  transportation  system  based  essen- 
tially on  electric  traction  —  small  electric  cars, 
electric  buses  and  electrified  railroads  for  rapid  in- 
tercity transportation; 

•  the  development  of  new  building  codes  and 
standards  incorporating  the  conservation  ethic  in 
the  sease  of  utilizing,  for  example,  passive  solar 
space  and  water  heating;  and 

•  capitalization  fwsed  on  the  principle  of  trading 
off  energy-intensive  transportation  of  people 
against  energy-efficient  electronic  communica- 
tions wherever  possible  (e.g.,  two-way  cable  tele- 
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vision  systems). 

Our  industrial  structure  could  also  benefit  from 
greater  energy  efficiency.  Expenditures  in  the  or- 
der of  $1.75  billion  could  make  a  major  Ontario 
industry,  pulp  and  paper,  virtually  self-sufficient  in 
energy  and  certainly  more  competitive  on  a  world 
scale.  Domtar  Inc.  is  already  saving  400,000  barrels 
of  oil  a  year  by  utilizing  a  new  f)ark-burning  boiler 
at  their  mill  at  Lebel-sur-Quevillon,  Quebec.  Many 
industries  could  utilize  efficient  co-generation  sys- 
tems and  thus  minimize  their  dependence  on  the 
electric  power  grid.  These  and  other  imaginative 
schemes,  such  as  energy  storage  techniques,  will 
require  a  major  redirection  of  capital  if  they  are 
ever  to  be  implemented.  We  believe  that  through 
effective  intermediation,  capital  which  would  nor- 
mally be  expended  on  bulk  supply  systems  could 
be  effectively  utilized  in  measures  to  reduce  de- 
mand and  to  bring  about  greater  overall  energy 
efficiency  without  significantly  altering  our  lifes- 
tyles. Indeed  lifestyles  might  be  improved. 

However,  irrespective  of  the  measures  to  con- 
trol the  growth  in  demand,  we  see  the  need  for 
significant  expenditures  on  supplv  technologies  if 
we  are  to  have  a  range  of  energy  options  by  the  year 
2000.  Nuclear  power  is  in  our  view  one  of  the  op- 
tions which  should  be  available  at  the  turn  of  the 
century.  For  it  to  be  an  acceptable  option  to  soci- 
ety, carefully  directed  expenditures  must  be  made 
on  exploration,  research  and  development.  Addi- 
tional viranium  supplies  will  have  to  be  found, 
mined  and  milled.  This  will  not  only  be  expensive 
but  will  result  in  additional  and  very  large  quanti- 
ties of  wastes  from  the  uranium  mining  and  milling 
process.  Ciovernments  must  work  closely  with  the 
uranium  industry  to  ensure  that  satisfactory  con- 
tainment of  these  radioactive  wastes  for  very  long 
periods  of  lime  is  carried  out.  If  governments  want 
the  benefits  of  nuclear  power,  then  the\  nuisl  as- 
sume some  of  the  responsibility  to  minimize  the 
risks  which  arise  in  all  components  of  the  nuclear 
fuel  cvcle.  The  urgenc\'  of  moving  ahead  on  a  long 
term  progranunc  for  the  management  of  spent  hie! 
cannot  be  overstated.  The  future  of  a  nuclear  pro- 
gramme will  be  highly  dependent  on  fintling  anil 
demonstrating  a  socialK  and  leihnically  accepta- 
ble solution  to  this  complex  problem.  The  indus- 
try, of  nece.ssitv,  will  have  to  work  more  closeh  in 


an  open  and  informative  manner  with  the  commu- 
nities most  directly  impacted  by  a  waste  demon- 
stration programme.  However,  although  much  of 
the  public  focus  has  been  on  the  nuclear  waste 
problem,  we  believe  this  need  should  not  over- 
shadow the  recjuirement  for  continued  research  on 
nuclear  safety.  Nuclear  power  will  only  be  a  viable 
option  as  long  as  it  is  perceived  as  a  safe 
technology. 

In  our  opinion,  reprocessing  is  not  an  area 
which  should  receive  extensive  research  support  at 
this  time.  We  do,  however,  believe  Canada  should 
explore  opportunitites  to  enter  into  a  joint  research 
programme  with  the  United  States  on  advanced 
CANDU-thorium  cycles  in  order  to  optimize  both 
Canadian  and  United  States  resources.  This  fuel 
cvcle  could  be  of  significant  benefit  to  Canada's 
energy  requirements  in  the  21st  century  and  could 
complement  possible  .\inerican  advanced  fuel 
cycle  programmes. 

Nuclear  power  should  not  continue  to  receive 
the  dominant  portion  of  energy  research  and  devel- 
opment funds.  To  ensure  Hexibilily  in  our  energy 
options  b\  the  vear  2000,  ue  encourage  nuich 
greater  expenditures  in  the  renewable  technolo- 
gies. For  Ontario  particularly,  these  expenditures 
should  in  our  view  be  directed  to  technologies 
which  exploit  intligenous  resources  and  are  com- 
patible with  o>ir  region.  Bioma.ss  systems,  based  on 
energy  forests,  deserve  much  greater  attention,  as 
do  energ\  storage  schemes  and  appropriate  solar 
developments.  Our  expectations  for  these  techno- 
logies before  the  year  2(KX)  should  not  be  e.vagger- 
ated,  but  we  belie\e  the  technoloijies  shoukl  be 
de\eloped  nou  if  benefit  from  them  is  to  be  de- 
rived in  the  latter  part  of  this  century  and  indeed 
into  the  future. 

The  internal ionalK  recognized  research  capa- 
biliU  of  .\K(]L  could  be  of  substantial  assistance  in 
the  development  of  renewable  energy  technolo- 
gies. It  is  our  belief  that  significant  benefits  woviUI 
accrue  to  the  people  of  Canada  and  Ontario  if  the 
nuclear  research  laboratories  of  .\ECL  w ere  con- 
N'erled  to  a  National  Energ\  L;ilKiralor\ . 

Coal  will  also  ha\e  to  pl.i\  a  more  significant 
role  in  our  future  energ\  mi.\.  The  quantities  re- 
ijuiretl  b\  a  large  Ontario  H\dro  cxxil  generation 
progrannne  coulil  justify  major  capital  expend!- 
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ture  on  a  slurry  pipeline  from  western  Canada. 
Ontario  Hydros  initiative  in  this  area  could  pro- 
vide both  a  flexible  and  secure  fuel  supply  to  the 
utilitv  as  well  as  offering  significant  benefits  to  On- 
tario industries  which  could  base  their  process  heat 
requirements  on  reliable  supplies  of  coal. 

The  fimdamental  decisions  about  nuclear 
power  are  all  political.  They  have  to  do  with  qual- 
ity of  life,  with  quality  of  the  environment  and  with 
the  energy  options  we  want  to  leave  to  our  future 
generations.  These  are  hard  decisions  which  ulti- 
mately must  be  made  by  government.  But  govern- 
ment requires  the  benefit  of  the  public's  views  on 
these  far-reaching  public  policy  issues.  New  and 
imaginative  fonuns  must  be  found  to  involve  the 
public,  who's  input  must  be  sought  at  every  step  of 
the  fuel  cycle.  Education  and  information  will  be 
essential. 

The  government  and  the  public  can  no  longer 
sit  back  and  be  relatively  luiinterested  in  the  gener- 
ation decisions  made  by  the  utility.   We  must 


become  knowledgeable  about  the  proposed  tech- 
nologies, their  environmental,  societal  and  politi- 
cal implications,  and  their  capital  and  fuel  require- 
ments both  in  the  short  and  long  term.  We  must  all 
enter  the  debate  in  a  process  designed  to  give  polit- 
ical direction  to  the  utility. 

The  range  and  polarity  of  views  about  nuclear 
power  indicate  some  deeply  felt  concerns  that  in 
all  likelihood  will  lead  to  a  prolonged  and  ongoing 
debate.  But  we  believe  that  an  informed  public 
debate  might  make  the  achievement  of  a  just  and 
wi.se  consensus  possible.  Perhaps  our  Commission 
is  the  beginning  of  a  process  of  education  and  dis- 
cussion which  will  allow  society  to  form  and  to 
shape  a  mature  and  sophisticated  understanding  of 
nuclear  power  and  thereby  give  an  informed  input 
to  the  decision  makers.  We  believe  that  armed 
with  such  public  understanding,  we  might  move 
more  quickly  to  rational  and  sustainable  solutions 
to  the  energy  planning  problem. 
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Notes  to  Foreword 

1.  Ontario  Hydro,  established  in  1906,  is  Canada's  larg- 
est electric  utility.  Dependable  peak  capacity  was  over 
21,000  MW  in  1977.  The  publicly-owned  utility  oper- 
ates two  essentially  independent  systems  in  the  east  and 
west  of  Ontario  and  provides  about  95  per  cent  of  On- 
tario's electrical  requirements.  Ontario  Hydro  serves 
340  municipal  utilities,  100  large  directly  served  indus- 
tries, and  800,000  rural  retail  customers. 

2.  Royal  Commission  on  Electric  Power  Planning,  Our 
Energy  Options  (Toronto,  1978).  This  series  of  essays, 
financed  by  Richard  Ivey  Foundation,  includes  Walter 
Murgatroyd,  "Efficient  Utilization  of  Energy  ";  Donald 
N.  Dewees,  "Environmental  and  Health  Lssues  of 
Power  Generation";  Robert  K.  Swartmen,  "Alternate 
Power  Generation  Technologies  ";  Robert  E.  Jarvis  and 
John  S.  Hewitt,  "Nuclear  Energy  in  Our  Time";  Leon- 
ard Berton,"Fuels  for  Power  Generation";  O.M.  So- 
landt,  "Bulk  Transmission  of  Electric  Power";  and  Clif- 
ford Alan  Hooker,  "The  Socio-economic  Significance  of 
Electric  Power  Policy". 

Notes  to  Chapter  One 

1.  "Energy  and  Development  ",  Science,  Vol.  200,  No. 
4338,  April  14, 1978. 

2.  See  Chapter  3.  The  radioactive  isotopes,  fissionable 
by  thermal  neutrons,  are  uranium-233,  uranium-235 
and  plutonoium-239.  These  are  the  materials  from 
which  nuclear  weapons  can  be  made  —  a  "critical  mass 
and  appropriate  geometrical  configuration  "  of  each  of 
them  will,  when  triggered,  explode  spontaneously. 
From  the  standpoint  of  civilian  nuclear  power,  ura- 
nium-235 is  the  most  important  fi.ssionable  isotope 
becau.se  it  is  the  only  one  which  occurs  naturally  in 
adequate  quantities.  All  nuclear  reactors  are  ba.sed  ini- 
tially on  uranium-235.  Sub.se(jueiitly  the  isotopes  ura- 
nium-233 and  plutonium-239  may  l)e  obtained  from 
reactors  in  which  thorium-232  and  uranium-238,  re- 
spectively, are  present  as  the  "fertile  i.solopcs"  (the 
term  "fertile"  is  used  because  fissionable  isotopes  can 
be  "bred"  from  them). 

3.  Report  of  Conference  on  "Enviroiunent  and  Society 
in  Transition:  World  Priorities  ",  in  Annals  of  the  .Vcir 
York  Academy  of  Sciences.  Vol.  261. 1975,  p.  216. 

4.  Sir  Peter  Ma.sefield,  "Towards  Tomorrow:  Changes 


and  Challenges", /ourna/  of  the  Royal  Society  of  Arts, 
Vol.  CXXVI,  No.  5257,  December  1977,  p.  11 . 

5.  "Report  on  Nuclear  Energy  ",  ".Anticipation"  in  the 
Journal  of  the  World  Council  of  Churches,  No.  21,  Oc- 
tober 1975,  p.  15. 

6.  Even  such  sensitive  topics  as  how  to  make  a  nuclear 
bomb  are  not  excluded.  Fortunately,  information  on 
how  to  obtain  the  fissionable  material  needed  to  make  a 
nuclear  bomb  is  not  included  in  the  literature.  For  a 
detailed  discussion  of  the  subject  see  .-A.B.  Lovins,  Soft 
Energy  Paths:  Toward  a  Durable  Peace,  Cambridge, 
Mass.:  Ballinger,  1977. 

7.  It  is  important  to  note,  in  this  respect,  that  peer  re- 
view of  papers  in  the  field  of  nuclear  science  and  engi- 
neering is  one  of  the  most  effective  means  of  en.suring 
high  safety  levels  of  nuclear  reactors,  as  well  as  facilitat- 
ing the  .search  for  .safe  methods  for  the  dispo.sal  of  highly 
radioactive  materials  (such  as  spent  nuclear  fuels). 

8.  In  the  annotated  bibliography,  we  draw  special  at- 
tention to:  Nuclear  Energy  Policy  Study  Group,  \u- 
clear  Power:  Issues  and  Choices,  Cambridge,  Mass: 
Ballinger,  1977;  and  Roval  Commission  on  Environ- 
mental Pollution,  Sixth  Report:  Suclear  Power  and 
the  Environment,  London:  H.M.S.O.,  1976. 

Notes  to  Chapter  Two 

1.  It  is  important  to  distinguish  between  the  demand  for 
electric  power  (measured  in  kilowatts  or  megawatts^ 
and  the  demand  for  electric  energ)  imeasured  in  kilo- 
watt-hours, etc.).  The  former  relates  to  the  capability  of 
the  power  system  to  meet  all  system  demands  at  e\'er\- 
instant  of  time  (especially  the  demand  during  the 
"coldest  hour  "  in  January).  The  latter  relates  to  the 
amount  of  electricity  we  use  on  a  da\-to-da\  or  a  \  ear- 
to-year  basis.  Electric  power  capability  depends  soleK 
on  the  availability  and  reliability  of  a  complex  system  of 
generating  stations,  transmi.ssion  lines,  transforming 
and  switching  stations  and  distribution  networks.  On 
the  other  hand,  electric  energ\'  is  directb  related  to  the 
amount  of  hydraulic  power  which  is  harnessed,  to  the 
amount  of  coal,  oil.  gas  or  uranium  fut^l  consumed,  and 
to  the  efficiency  of  the  associated  energy-  conversion 
proce,s.ses. 

2.  This  assumes  a  middle-of-the-road  projection  of 
growth  in  Canadian  primary  encrg\'  consumption  of  2.S 
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per  cent  annually  to  2000,  and  oil  consumption  in- 
creases of  1 . 1  per  cent  over  the  same  period.  This  rate  is 
governed  by  expected  availability  of  Canadian  oil  and  a 
federal  government  target  that  oil  imports  must  not 
exceed  800,000  barrels  a  day,  or  one-third  of  total  Cana- 
dian consumption,  after  1985. 

3.  Although  Canada  had  a  favourable  overall  balance  of 
energy  trade  of  $900  million  in  1977,  net  oil  imports 
were  $1.7  billion.  Statistics  Canada,  Exports  by  Com- 
modities, December  1977,  Cat.  No.  65-004  and  Im- 
ports by  Commodities,  December  1977,  Cat.  No.  65- 
007  (courtesy  Elizabeth  Ruddick,  Infometrical). 

4.  R.B.  Toombs,  "Canada's  Energy  Strategy",  Notes  for 
Energy  Conference,  London,  University  of  Western 
Ontario,April  1,1978. 

5.  We  use  the  terms  "growth",  "growth  rate",  and  "rate 
of  growth"  synonymously. 

6.  It  is  actually  slightly  greater  than  the  sum  of  the  pop- 
ulation and  per  capita  growth  rates.  However,  for 
growth  rates  less  than  about  10  per  cent  per  annum,  this 
is  a  fairly  accurate  approximation.  The  exact  formula  is: 
r^  =  rp  -(-  r^  -f  rp  X  r^  where  r^  =  energy  growth  rate,  rp 
=  population  growth  rate,  and  r^  =  growth  rate  of 
energy  consumption  per  capita.  The  last  term  is  small 
for  low  growth  rates  and  is  u.sually  neglected. 

7.  Christopher  E.  Taylor,  Population  Growth,  Demo- 
graphic Vieivs,  and  Their  Relationship  to  Electrical 
Energy  Planning,  Report  submitted  to  RCEPP,  March 
1978.  Mr.  Taylor's  forecast  is  ba.sed  essentially  on  the 
lower  fertility  assumption  of  the  official  forecast  and 
substantially  less  immigration. 

8.  Clearly  the  desirability  of  decoupling  economic  ac- 
tivity and  energy  use  was  considered  at  the  recent  Bonn 
Economic    Summit    Conference   (July    1978)    where 

"President  Carter  also  agreed  to  follow  the  European 
Community's  example  in  limiting  growth  in  energy 
demand  to  80  per  cent  of  G.N.P.  ",  Financial  Post  Julv 
22, 1978. 

9.  Possibly  people  are  beginning  to  realize  that  conser- 
vation may  be  cheaper  than  adding  to  energy  supplies. 
A  number  of  studies  have  shown  that  a  given  invest- 
ment in  sensible  energy  conservation  programmes 
makes  more  net  energy  available  than  a  similar  invest- 
ment in  developing  new  energy  supplies  because  of  the 
energy  involved  in  producing  and  delivering  energy. 
Up  to  a  point,  conservation  can  al.so  provide  a  higher 
rate  of  return  than  other  alternative  investments  availa- 
ble to  the  householder  or  businessman.  See,  for  exam- 
ple, Denis  Hayes,  Energy:  The  Case  for  Conservation, 
WorldWatch  Paper  4,  Washington,  1976,  and  Science 
Council  of  Canada,  Canada  as  a  Conserver  Society, 
Report  27,  Ottawa,  1977. 


10.  See  especially  Lee  Schipper  and  Joel  Darmstadter, 
"The  Logic  of  Energy  Conservation",  Technology  Re- 
view, January  1978,  p.  41. 

1 1 .  For  a  more  detailed  description  see  Royal  Commis- 
sion on  Electric  Power  Planning,  Issue  Paper  No.  3, 
Conventional  and  Alternate  Generation  Technology, 
January  1977.  See  also  Annex  E. 

12.  U.S.  National  Research  Council,  Committee  on 
Nuclear  and  Alternative  Energy  Systems  (CONAES): 
Interim  Report,  Washington:  National  Academy  of 
Sciences,  1977,  p.  4. 

13.  End-use  energy  excludes  energy  used  by  the  energy 
supply  industries  themselves,  such  as  coal,  oil  and  natu- 
ral gas  used  for  electric  generation,  as  well  as  energy 
used  in  the  extraction,  processing  and  delivery  of  oil, 
gas  and  coal  to  final  users. 

14.  Alvin  Weinberg,  Lee  Schipper,  and  others  recog- 
nize the  virtues  of  "thermodynamic  matching"  but  are 
critical  of  the  almost  religious  significance  attached  to 
the  concept  by  Amory  Lovins  and  his  supporters.  It  is, 
they  say,  too  uni-dimensional,  may  involve  much  waste 
of  other  resources,  and  ignores  important  environmen- 
tal and  social  factors.  See,  for  example,  Alvin  Wein- 
berg's review  of  Amory  Lovins,  Soft  Energy  Paths,  in 
Energy  Policy,  March  1978. 

15.  At  an  energy  seminar  in  Vancouver  on  February  23, 
1978,  the  then  Deputy  Minister  of  Energy,  Mines  and 
Resources  Canada  said  that  renewable  technologies 
"might"  meet  6  per  cent  of  Canadian  primary  energy 
demand  by  1990,  but  that  this  would  be  equivalent  to 
their  providing  one-half  the  heating  load  of  the  pro- 
jected five  million  single-family  dwellings  in  place  that 
year. 

16.  Derived  from  Energy,  Mines  and  Resources 
Canada,  An  Energy  Strategy  for  Canada,  Ottawa, 
1976. 

17.  From  the  Minister's  preamble  to  Energy,  Mines  and 
Resources  Canada,  Energy  Conservation  in  Canada, 
Ottawa,  1977,  p.  2,  which  set  out  a  2  per  cent  primary 
energy  growth  path  (equivalent  to  a  1.3  per  cent  rate  of 
growth  of  secondary  or  end-use  energy).  Our  energy 
growth  coefficient  of  0.31  is  the  ratio  of  this  1.3  per  cent 
to  the  4.2  per  cent  economic  growth  assumed  by  EMR. 

18.  The  model  is  formulated  in  end-use  terms  discussed 
in  note  13.  The  corresponding  energy  growth  coeffi- 
cients tend  to  be  lower  than  the  more  generally  used 
values  of  the  coefficient  which  are  based  on  primary 
energy. 

19.  The  energy  "decoupling"  implied  in  Figure  2-6, 
instead  of  continuing  indefinitely,  may  last  only  over  a 
period  of,  say,  fifteen  to  thirty  years  during  which  Cana- 
dian energy  efficiency  may  be  brought  closer  to  the 
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point  allowed  by  thermodynamic  limits.  Ultimately, 
the  energy  growth/economic  growth  ratio  will  proba- 
bly increase  again,  and  the  dominant  question  will  then 
become  the  form  economic  growth  assumes  in  a  future, 
structurally  different,  "post-industrial"  world. 

20.  Institute  for  Energy  Analysis,  U.S.  Eneroy  and  Eco- 
nomic Growth,  1975-2010,  Oak  Ridge  Associated  Uni- 
versities, September  1976. 

21.  E.  Haites  ,  Projection.i  of  the  Final  Demand  for 
Energy  in  Ontario  to  the  Year  2000:  Part  Two,  To- 
ronto: RCEPP,  1978. 

22.  E.  Haites  and  J.  Sullivan,  Projection.';  of  the  Final 
Demand  for  Energij  in  Ontario  to  the  Year  2000:  Part 
One,  Toronto:  RCEPP,  1978. 

23.  W.  Murgatroyd,  "Efficient  Utilization  of  Energy", 
in  G(/r£nergi/Op<i»n.s, Toronto:  RCEPP,  1978. 

Notes  to  Chapter  Three 

1.  In  comparing  12.5()  MW  nuclear  units  with  smaller 
plants,  Ontario  Hydro's  preliminary  assessment  is  that  a 
penalty  of  3  per  cent  of  the  net  energy  output  for  the 
mature  1250  MW  station  is  required  to  compensate  for 
the  higher  forced  outage  rate  of  the  larger  units.  (On- 
tario Hydro,  "Economic  Evaluation  of  4  X  850  versus  4 
X  12.50  MW  Nuclear  Plant",  submission  to  RCEPP, 
Exhibit  328-21,  p.  2.) 

2.  System  reserves  depend  on  both  the  incremental  re- 
serve requirements  and  the  requirements  dictated  by 
past  capacity.  Ontario  Hydro's  preliminary  analyses  of 
system  expansion  options  suggest  that  if  nuclear  and 
fossil  units  were  added  in  the  ratio  of  2: 1 ,  system  reserve 
margins,  to  maintain  a  loss  of  load  probability  of  1  in 
2400,  would  be  24  per  cent  with  850  MW  units  and  27 
per  cent  with  1250  M  W  units.  The.se  figures  include  the 
effect  of  low  reserves  retiuired  for  existing  hydraulic 
capacity.  In  an  economic  comparison  of  1250  MW  and 
850  MW  units,  Ontario  Hydro  incorporated  a  penalty 
of  1  per  cent  of  the  net  output  of  the  12.5<)  M  W  units  to 
reflect  this  factor.  Ibid.,  p.  3. 

3.  In  the  Interim  Report  of  the  Royal  Commission  on 
Development  in  Northern  Ontario  Mr.  Justice  Patrick 
I  lart  t  did  not  pass  judgement  on  the  Onakawana  project 
but  stressed  that  local  communities  and  affected  groups 
should  be  fully  consulted  in  the  course  of  preparation 
by  the  mining  company  involved  in  any  environmental 
assessment  of  the  project. 

4.  These  may  not  look  nuich  like  plateaus  on  Figure  3-2, 
but  compared  with  those  of  other  electric  utilities,  On- 
tario Hydro's  daily  load  factor  is  high  and  the  load  cur\e 
is  correspondingly  relativeU  flat. 

5.  The  expansion  programme  reflects  Ontario  Hydro's 
best  judgement  of  the  appropriate  balance  between 


technical,  economic,  environmental  and  other  factors. 
The  programme  is  specified  in  a  long  range  i  twenty  or 
thirty  years)  capacity  forecast  designated  by  LRF  long 
range  forecast)  and  a  number.  Ontario  Hydro  has  em- 
phasized that  LRFs  are  adopted  by  its  Board  ;ls  plan- 
ning documents  only  and  any  estimates  beyond  com- 
mitted projects  should  be  used  only  as  general 
indicators  of  the  timing  and  magnitude  of  additions  to 
generating  capacity.  Nevertheless,  the  LRFs  adopted 
since  1974,  despite  some  variations  in  start-up  dates  for 
particular  stations,  contain  common  elements,  in  terms 
of  mix  of  generation,  size  of  units  and  the  role  of  nuclear 
power.  LRFs  have  proposed  a  system  expansion  pro- 
gramme beyond  the  last  committed  station  Darling- 
ton) nuclear  and  coal  capacity  in  the  ratio  of  about  2:1. 

6.  The  Darlington  station  consists  of  4  X  850  MW  units. 
LRF  48A  proposes  the  installation  of  a  4  X  1250  MW 
nuclear  plant  by  the  early  199()s.  .Mthough  a  1976  mem- 
orandum from  Ontario  Hvdro  (  ,  Exhibit  21 )  suggested 
that  4  X  20(X)  MW  nuclear  stations  might  be  feasible 
by  2000,  later  staff  testimony  indicated  that  s^uch  unit 
sizes  are  purely  speculative  and  should  be  regarded  as 
"blocks  of  generation"  only. 

7.  Ontario  Hydro's  estimates  in  1975  placed  the  twelve 
year  expenditures  a.ssociated  with  LRF  41.\  at  over  $49 
billion;  more  recent  estimates  have  placed  the  ten  year 
expansion  programme  at  a  still  impressive  $i0  billion 
current  dollars. 

8.  In  July  of  1975,  the  provincial  mini-budget  requested 
a  cut  of  $1  billion  in  Ontario  Hydro's  capital  expendi- 
tures to  1985.  Compliance  with  this  request  resulted  in 
a  deferral  of  Bruce  B;  subsequent  generation  facilities 
were  deferred  by  six  months  in  LRF  4.3P.  In  Januar\  of 
1976,  the  Provincial  Tre;isurer  announced  a  limiting  of 
capital  available  to  Ontario  Ihdro  for  the  1976-78  pe- 
riod. This  necessitated  production  of  another  new  long 
range  forecast,  LRF  47  (later  revised  to  LRF  4Si  which 
included  cancellation  of  the  fourth  heavy  water  plant 
and  a  two  year  deferral  of  the  third  heavy  water  plant  at 
Bnice.  postponement  of  Wesle\Aille.  Darlineton.  and 
E15  by  two  years,  and  postponement  of  Pickering  B. 
Bruce  B,  .\tikokan.  Thunder  Bay  and  W3  by  one  year.  In 
LRF  48,  the  deferrals  for  Darlington  and  W3  were  re- 
vised to  twenty-two  months  and  two  \ears. 
respectively. 

9.  Ontario  H\dro  calculations  of  the  costs  associated 
with  the  deferrals  and  cancellations  announced  in  Felv 
niary  1976  include:  contract  renegotiation  $154  million 
(including  deferral  costs  of  $20.3  million',  inflationary- 
impact  $69  million;  Bnice  HWP  C:  simk  costs.  $26.5 
million;  net  loss  on  surplus  good.s.  $56  million;  and  ad- 
ministrative costs  associated  with  renegotiation  $1.7 
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million  {Hydroscopc,  June  24,  1977)  The  initial  an- 
nouncement of  these  programme  changes  suggested 
that  1200  people  might  have  to  be  laid  off  at  the  af- 
fected projects,  about  400  might  have  to  be  transferred 
to  other  jobs,  2500  jobs  would  not  be  created  over  the 
next  two  years  and  1500  jobs  per  year  with  Hydro  sup- 
pliers could  be  affected  (letter  of  the  Chairman  of  On- 
tario Hydro  to  the  Minister  of  Energy,  February  11, 
1978).  However,  when  questioned  at  the  hearings,  On- 
tario Hydro  knew  of  no  specific  analysis  of  the  employ- 
ment effects  and  stated  that  any  current  estimates 
would  depend  primarily  on  assumptions  of  general 
employment  multiplier  effects. 

10.  Some  construction  unions  asked  that  Hydro  not  can- 
cel any  of  its  planned  projects,  despite  lower  growth  in 
demand. 

1 1.  A  member  of  the  Ontario  Hydro  management  com- 
mittee on  the  SEPR  study  group  reports  that  documen- 
tation from  the  study  is  strongest  in  those  financial  and 
system  planning  areas  with  which  Ontario  Hydro  has 
already  been  involved  and  has  a  .solid  data  base,  some- 
what innovative  in  the  economic  area  but  "will  be  weak 
in  the  social  area  and  in  the  environmental  area". 

12.  Arthur  Hill,  then  Manager,  Routes  and  Site  Selec- 
tion, Ontario  Hydro,  Transcript  145: 19,158-19,162. 

13.  To  illustrate  static  energy  analysis,  let  us  assume 
that  all  inputs  and  useful  output  can  be  represented  by  a 
common  energy  unit.  Then  C  represents  the  energy 
e(|uivalent  of  the  capital  (material,  labour  etc.)  re- 
quired to  build  the  plant,  /  is  the  total  annual  operating 
input  (fuel,  maintenance,  etc.),  and  G  is  the  gross  annual 
energy  output  (part  of  /  may  come  from  G).  Given  C,  / 
and  C,  one  can  calculate  the  payback  time;  i.e.  number 
of  years  of  operation  required  to  produce  an  amount  of 
energy  equivalent  to  that  recjuired  to  build  the  facility 
and  bring  it  on  stream,  as  follows:  Payback  time  (in 
years)  =  C/(C-I).  In  a  dynamic  analysis  some  plants  will 
come  on  stream  as  producers  while  others,  under  con- 
struction, will  be  consumers.  The  net  power  output  of  a 
given  constmction  programme  will  depend  upon  the 
number  of  facilities  under  construction  relative  to  the 
number  producing  energy.  Some  of  the  important  pa- 
rameters of  a  dynamic  net  energy  model  are  the  rate 
and  pattern  of  expansion,  the  construction  lead  time, 
the  productive  lifetime  of  each  facility,  and  the  power 
input  during  construction  and  output  during  operation 
of  each  facility. 

14.  Gil  Winstanley,  Brian  Emmett,  et  al..  Energy  Re- 
quirements Associated  with  Selected  Canadian  En- 
ergy Developments,  Department  of  Energy,  Mines  and 
Resources,  Office  of  Energy  Conservation,  Research 
Report  13,  Ottawa,  1977. 

15.  Ontario  Hydro,  Design  and  Development  Division, 


An  Energy  Analysis  of  the  Nuclear  Generating  Pro- 
gram Defined  by  Ontario  Hydro's  Long  Range  Fore- 
cast-43P,  Report  76018,  March  1976. 

Notes  to  Chapter  Four 

1.  Professor  (later  Lord)  Rutherford's  sojourn  at  McGill 
University  was  a  particularly  fruitful  one.  Indeed,  Ruth- 
erford was  awarded  the  Nobel  Prize  for  Chemistry  in 
1908.  The  1898-1907  period  is  usually  regarded  as  one 
of  the  most  prolific  periods  of  research  on  atomic  struc- 
ture. Particularly  notable  was  the  publication  in  1905  of 
Einstein's  Special  Theory  of  Relativity. 

2.  The  first  man-made  self-sustained  nuclear  reaction 
was  achieved  by  an  international  team  headed  by  Pro- 
fessor Enrico  Fermi,  in  Chicago  on  December  2,  1942, 
using  a  graphite  uranium-235  "pile". 

3.  See,  for  example.  Task  Force  Hydro,  Nuclear  Power 
in  Ontario,  Report  No.  3,  Toronto,  1973. 

4.  Present  grades  are  in  the  range  of  0.75  to  2.0  kg  U30g 
per  tonne. 

5.  The  chemical  properties  of  an  element  are  deter- 
mined by  the  number  of  protons  in  its  atomic  nucleus 
and  by  the  same  number  (in  the  normal  state)  of  extra- 
nuclear,  or  orbital,  electrons.  The  latter  are  assumed  to 
be  distributed  in  "shells"  around  the  nucleus.  When  an 
atom  is  "excited",  an  electron  moves  from  one  shell  to 
another  and  electromagnetic  radiation  (x-rays,  ultravio- 
let light,  etc.)  is  emitted. 

6.  For  an  excellent  introduction  to  atomic  energy  see  L. 
Berlin,  Atom  Harvest,  London:  Seeker  &  Warburg, 
1955. 

7.  The  radioactive  decay  sequence  from  Th-233  to 
U-233  involves  a  major  half-life  in  the  order  of  27  days, 
while  the  U-2.39  to  Pu-239  sequence  involves  a  half-life 
of  2  days. 

8.  Each  Pickering  A  CANDU  reactor  requires  aliout 
450  tonnes  of  heavy  water,  the  value  of  which,  at  the 
currentpriceof  $211/kg,  is  $95  million. 

9.  To  date  about  1700  tonnes  of  spent  fuel  is  stored  at 
Pickering  A.  If  its  Pu-239  content  could  be  converted 
into  energy  in  a  nuclear  reactor,  it  would  replace  153 
million  liarrels  of  oil,  assuming  the  latter  was  used  to 
generate  electricity.  (Note  that  the  oil  equivalent  heat 
value  is  about  51  million  barrels;  Ontario's  oil  consump- 
tion is  more  than  500,000  barrels  per  day.)  At  present 
about  270  tonnes  of  spent  fuel  is  generated  at  the  station 
annually. 

10.  It  is  usually  assumed  by  agencies  anticipating  use  of 
advanced  fuel  cycles  (e.g.  the  fast  breeder  reactor)  that 
the  reprocessing  plant,  the  fuel  fabrication  plant,  the 
radioactive  waste  solidification  and  immobilization 
plant,  and  the  disposal  of  low-  and  medium-level  wastes 
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would  be  built  on  the  same  site.  It  would  be  a  central 
facility  and  would  reprocess  the  spent  fuel  from  many 
nuclear  reactors. 

Notes  to  Chapter  Six 

1.  The  ICRP  is  an  independent  body  of  professional 
scientists  set  up  under  the  sponsorship  of  the  Interna- 
tional Congress  of  Radiation.  Their  recommendations 
relating  to  radiation  standards  are  published  in  detail  in: 
International  Commission  on  Radiological  Protection, 
Annals  of  the  ICRP:  Recommendations,  adopted 
January  17, 1977,  ICRP  Publication  26,  Oxford:  Perga- 
mon  Press,  1977.  Exhibit  319. 

2.  It  has  been  suggested  that  between  60  per  cent  and  90 
per  cent  of  human  cancer  is  caused  environmentally  — 
much  of  it  is  due,  apparently,  to  the  release  of  toxic  and 
carcinogenic  agents  by  a  whole  range  of  industries.  If 
these  industries  (e.g.  transportation,  chemical,  food 
processing,  mining,  etc.)  were  subjected  to  the  same 
rigorous  scientific  investigations  as  the  nuclear  indus- 
try, the  incidence  of  human  cancer  would  probably  be 
appreciably  reduced. 

3.  Royal  Commission  on  the  Health  and  Safety  of 
Workers  in  Mines  (Commissioner:  James  Ham),  Re- 
port, Toronto:  Ministryof  the  Attorney  General,  1976. 

4.  American  Physical  Society,  "Report  to  the  A.P.S.  by 
the  Study  Group  on  Nuclear  Fuel  Cycles  and  Waste 
Management",  Review  of  Modern  Physics,  50:  1-186, 
January  1978. 

5.  It  is  worth  pointing  out  here  that  while  many  serious 
accidents  (e.g.  NRX  in  1952,  Windscale  in  1957,  Enrico 
Fermi  FBR  in  1966  and  Brown's  Ferry  in  1975)  have 
taken  place,  they  cannot,  by  definition,  be  categorized 
as  major  accidents  since  they  did  not  result  in  the  re- 
lease of  substantial  amounts  of  radioactivity  to  the 
environment. 

6.  E.  Siddall,  Statistical  Analysis  of  Reactor  Safety 
Standards,  Ottawa:  Atomic  Energy  of  Canada  Lim- 
ited, 1959(AECL-498).  Exhibit  330. ' 

7.  G.C.  I^urence,  "Nuclear  Power  Station  Safety  in 
Canada",  paper  presented  at  the  meeting  of  the  Niag- 
ara-Finger Lakes  Section  of  the  American  Nuclear  So- 
ciety, Jan.  26, 1972.  Exhibit  a30-3. 

G.C.  I-iiurence  and  F.C.  Boyd,  "Trends  in  Reactor 
Safety",  paper  presented  to  Nuclear  Industries  Fair, 
Technical  Meeting  No.  5/1,  Basel,  Switzerland,  Octo- 
ber 6-1 1,  1969.  Exhibit  a}0-4. 

8.  It  is  important  to  note  that,  although  the  digital  com- 
puter is  central  in  the  control  (i.e.  regulation)  of  a 
CANDU  reactor,  it  is  not  necessarily  involved  in  reac- 
tor shutdown.  It  is,  however,  essential  in  the  study  of  the 
risks  associated  with  the  malfunction  of  key  reactor 


components.  In.sofar  as  the  role  of  computer  modelling 
in  risk  assessments  is  concerned,  we  have  neither  the 
competence  nor  the  facilities  to  a.sse.ss  the  realism  of 
the  simulation.  This  is  one  of  the  major  tasks  of  the 
.AECB.  The  extent  to  which  extremely  sophisticated 
computer  codes  and  programmes  can  be  checked  for 
realism  and  adequacy  is  a  subject  of  central  importance 
in  the  assessment  of  reactor  safety.  EJ'RI,  NP-309,  p. 
1-1. 

9.  Ibid. 

1 0.  The  most  comprehensive  study  of  the  consequences 
of  a  major  nuclear  reactor  accident  to  date  is  the 
\VASH-1400,  Reactor  Safety  Study  (the  Rasmussen 
Report),  commissioned  by  the  United  States  Nuclear 
Regulation  Board  and  published  in  Octol)er  1975.  For  a 
summary  of  the  Report,  see  Nuclear  Energy  Study 
Group,  \uclear  Power:  Issues  and  Choices,  a  report 
sponsored  by  the  Ford  P'oundation  and  administered  by 
the  MITRE  Corporation,  Cambridge,  Mass.:  Ballinger, 
1977,  pp.  222-232. 

11.  Both  Ontario  Hydro  and  AECL  were  cross-exam- 
ined by  Dr.  Gordon  Edwards  extensively  on  this.  Lib- 
erty Pease  of  .\ECL  indicated  that  the  Rasmu.ssen  Re- 
port could  be  applied  to  a  C.\NDU  reactor;  so  this 
frequency  may  be  realistic  (Trancript  136,  17,379-17,- 
442).  William  Morison  of  Ontario  Hydro,  however, 
maintained  his  belief  that  the  expected  frequency  of  a 
meltdown  in  a  C,\NDU  reactor  was  in  the  order  of  1  in 
1,()(X),0(X)  reactor  years.  (Traascript  204:  32.503- 
32,509). 

12.  R.  Torrie  and  G.  Edwards,  Summary  Argument  to 
RCEPP,  p.  39.  Exhibit  332. 

13.  Reactor  Safety  Study,  .\ppendix  \'I.  and  Report  of 
the  Advisory  Committee  on  the  Biological  Effects  of 
Ionizing  Radiation.  National  .\cademy  of  Sciences, 
Washington:  National  Research  Council.  Novemlier 
1972. 

14.  Electric  Power  Research  Institute.  Performance 
Measurement  System  for  Training  Simulators,  in- 
terim report.  Report  NP-783,  Project  769.  Palo  Alto. 
Calif.,  1978.  .\l.so  see  cross-examination  b\  J.W.  Send- 
ers in  Transcript  205. 

15.  J.R.  Ravetz,  ".\nticipation".  in  the  Journal  of  the 
WorldCouncilofChurches,No.20.p.24.  May  1975. 

16.  Dr.  Terry  .Anderson.  Ontario  H\dro  mortality  2nd 
report  1970-75  and  1976supplcnient.  NoNenil>er  1976. 
Exhibit  328-15.  See  also  Robert  Wilson,  "Octupational 
Doses  in  the  Ontario  H\dro  Nuclear  Prosjramme  ' 
Health  Physics,  33:  177-182,  Septemlicr  1977.  Exhibit 
328-33. 

17.  H.  Inhaf>er.  Risk  of  Energy  Production,  Ottawa: 
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Atomic  Energy  Control  Board,  March  1978.  (AECB- 
1119).  Exhibit  321.  An  evaluation  of  the  full  cycle  risks 
for  several  electrical  generating  technologies  and  solar 
space  heating.  The  findings,  in  increasing  order  of  risk, 
were  natural  gas,  nuclear,  ocean  thermal,  solar  space 
heating,  solar  thermal  electric  (power  tower),  pho- 
tovoltaics,  wind,  methanol  from  biomass,  oil  and  coal. 
Most  of  the  risks  came  from  the  acquisition  and  manu- 
facture of  the  materials  required  for  the  technologies. 

18.  In  1976  the  water  effluent  emissions  from  nuclear 
stations  in  Ontario,  as  a  percentage  of  the  AECB  "per- 
mitted tritium  release  levels",  were  as  follows:  NPD  — 
5.6  X  10"^  Douglas  Point  -  .47  Pickering  -  3.6  X  10'- 
For  releases  at  Pickering  from  1971  to  1975,  see  G.A. 
Pon,  Nuclear  Power  Rcaetor  Safeti/,  submission  by 
Atomic  Energy  of  Canada  Limited.  Exhibit  28. 

19.  Canadian  Environmental  Advisory  Council,  An- 
nual Review  i  976,  Ottawa,  1976,  p.  63.' 

20.  The  role  of  human  operatives  is  central  to  contin- 
gency planning:  hence  the  importance  of  conducting, 
at  regular  intervals,  adequately  realistic  rehearsals  — 
see  previous  section  on  "The  Human  Factor".  See  also 
Transcript  203:  32,259-32,262  and  Transcript  206:  33,- 
021-.3.3,051. 

2 1 .  Bruce  B  Generating  Station  will  reject  about  2.57  X 
10"joules/hofwaste  heat -of  this,  0.27  X  10"  joules/ 
h  is  rejected,  via  the  moderator  coolant,  at  a  tempera- 
ture of  38°C.  This  is  ideally  suited  for  the  heating  of 
greenhouses.  .About  20  per  cent  of  the  rejected  modera- 
tor heat  would  be  required  for  50  ha. 

22.  H.E.  Duckworth  et  al..  Environmental  Aspects  of 
Nuclear  Power  Development  'in  Canada,  Occasional 
Paper  No.  2,  Ottawa:  Canadian  Environmental  Advis- 
ory Council,  1977,  p.  36. 

23.  Although,  because  of  the  potential  energy  con- 
tained in  the  nuclear  fuel  removed  from  reactors,  "irra- 
diated fuel"  is  the  scientifically  preferred  term,  we  have 
preferred  to  use  the  term  "spent  fuel".  It  is  important 
to  note  that  the  two  terms  are  synonymous. 

24.  R.W.  Barnes,  The  Management  of  Irradiated  Fuel 
in  Ontario,  a  report  by  the  Design  and  Development 
Division.  2  vols.  Toronto:  Ontario  Hydro,  1976.  (Report 
GP-76014).  Exhibit  139, 139-1, 139-2. 

25.  Probably  the  most  promising  spent  fuel  immobili- 
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Notes  to  Chapter  Seven 

1.  On  average,  Ontario  Hvdro  is  investing  something 
more  than  $500  per  kilowatt  of  nuclear  generating  ca- 
pacity brought  into  service  today,  a  little  less  for  each 
kilowatt  of  hydraulic  capacity,  and  about  $250  per  kilo- 
watt of  fossil  capacity.  Furthermore,  in  addition  to  the 
generating  capacity  needed  to  meet  the  peak  load,  On- 
tario Hydro  maintains  reserve  generation  capacity  av- 
eraging about  .30  per  cent  of  its  peak  load.  Costs  per 
kilowatt  of  transmission  or  distribution  facilities  to  de- 
liver the  energy  to  the  point  of  use  adds  over  $400/kW. 
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Line  losses  and  some  inefficiency  in  end-use  application 
further  increase  the  system  capacity  requirements. 
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1978-1986  of  $4.66  billion  as  compared  to  the  costs  of 
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10.  A  Select  Committee  of  the  Ontario  Legislature, 
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vironmental trade-offs.  .Mbcrta  Department  of  Energy 
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22.  Mr.  Jennekens  of  the  AECB  stated  that  although  (he 
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23.  A  U.S.  utility  is  eligible  for  U.S.  government  finan- 
cial protection,  luider  the  Price-.Anderson  .Act,  of  up  to 
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328. 

26.  The  federal  government's  aiuiounced  budget  for 
energ\-  research  and  development  for  fiscal  \ear  197S- 
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27.  Banerjee  and  ^\'averman.  op.  cit.  The  study  in- 
cludcil  imputed  Wi^D  costs,  .securitw  decomnu'.ssionins; 
and  irradiated  fuel  management  in  nuclear  plant  co.sLs. 
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28.  See  Chapter  3 

29.  Ontario  Hydro,  Chart:  "Nuclear  Unit  Size  in  the 
Western  World",  April  1978.  Exhibit  328-26. 

30.  The  Commission  received  one  carefully  docu- 
mented brief  arguing  for  research  support  for  a  small 
scale  engineering  demonstration  of  a  CANHO  (Cana- 
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31.  H.J.  Sissons,  Vice  President  Distribution,  Ontario 
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It  appears  evident  that  Ontario  has  entered  a  new  era 
in  its  financial  evolution,  one  of  continuous  borrowing 
constraint.  The  recent  actions  of  the  Treasurer  have 
a.ssured  the  Province's  ability  to  finance  its  require- 
ments over  the  next  few  years.  However,  there  is  a 
prudent  limit  to  Ontario's  borrowing  at  reasonable 
rates  and  at  this  time  it  appears  probable  that,  even  if 
the  Province  does  not  borrow  publicly  for  the  next 
seven  years,  the  capital  markets  could  be  unprepared 
to  supply  sufficient  funds  to  finance  [Ontario]  Hydro's 
projected  borrowing  program  beyond  1980. 

34.  The  Ontario  Government's  announcement,  on 
April  17,  1978,  that  two  Wesleyville  units  will  be  can- 
celled will,  indeed,  reduce  the  financing  deficit  by  $300 
million. 
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Brookhaven  National  Laboratory,  December  1976, 
BNL  50604. 

24.  The  Oak  Ridge  Study  expressed  concern  about  par- 
ticulate emissions  from  the  extra  coal  burned  but  said 
that  with  proper  control  SOj  and  other  gaseous  emis- 
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without  a  moratorium.  A  U.S.  nuclear  moratorium  by 
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that  20  per  cent  of  the  world's  fossil  fuels  were  burned, 
this  could  lead  to  unacceptable  changes  in  the  world's 
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25.  Behling,  op.cit. 

26.  Ontario  Hydro  puts  the  figure  at  25,0(K).  Gen<'ra- 
tion  Nuclear,  p.  24.  Exhibit  328. 

27.  CN.\  submi.ssion  to  Debate  Stage  Hearings  on  Nu- 
clear Power,  p. 5.  Exhibit  260. 

Notes  to  Chapter  Nine 

1.  The  uranium  requirements  to  fuel  all  stations  to  Dar- 
lington for  30  years  at  80  per  cent  capacity  factors  are 
approximately  60,(XK)  tonnes.  The  Denison-Preston 
contracts  total  about  76,(XX)  tonnes.  The  diflerencc  of 
16,(KK)  tonnes  could  fuel  an  additional  4,(XK)  M\V  for  30 
years  at  80  per  cent  capacity  factor,  .\bout  4.2  tonnes  of 
uranium  is  required  to  fuel  1  MW  for  30  years  at  an  80 
percent  capacity  factor. 

2.  I'ranium:  Resources.  Production  and  Demand,  a 
Joint  Report  by  the  OECD  Nuclear  Energy  .\gency 
and  the  International  ,\toniic  Energy  .\gency,  Paris, 
1977. 


3.  Ihid 

4.  The  uranium  supply  situation  in  the  United  States  is 
very  similar.  .Xccording  to  Professor  L.T.  Silver.  Cali- 
fornia Institute  of  Technolog),  the  uranium  supply  and 
demand  curves  will  cro.ss  some  time  between  1982  and 
199<^),  unless  new  resources  are  discovered  and  devel- 
oped. He  stres.ses  that  the  U.S.  must  "sharpK  increase 
its  rate  of  successful  uranium  exploration".  See  "The 
Uranium  Crunch",  Technolo'^ij  Review,  June/July 
1978.  p.24. 

5.  1977  Assessment  of  Canada's  Uranium  Supply 
and  Demand  OUawd.  Ministr\'  of  Supply  and  Services, 
1978.  p.22 

6.  "The  Uranium  Crunch  ",  Technology  Review,  June/ 
July  1978.  p.24 

Notes  to  Chapter  Eleven 

1.  The  nuclear  weapons  proliferation  question  is  dealt 
with  comprehensively  in T.  Creenwood.  H..-\.  Feiveson 
and  T.B.  Taylor,  Nuclear  Proliferation:  Motivation. 
Uapahilities  and  Strategies  for  Control.  Washington: 
D.C.:  Council  on  Foreign  Relations.  1977. 

2.  There  are,  of  course,  probably  tens  of  thou.sands  of 
nuclear  weapons  already  in  existence,  mostly  in  the  ar- 
senals of  the  United  States  and  the  U.S.S.R.  Further- 
more, although  not  insignificant  in  terms  of  their  de- 
structive potential,  smaller  numliers  of  nuclear 
weapons  and  less  sophisticated  deli\er\  svstems  ha\e 
been  developed  by  the  other  nuclear  powers:  Britain. 
France,  the  People's  Republic  of  China,  and  most  re- 
cently India. 

3.  The  'critical  ma.ss  "  of  1-235.  U-2.3;5  or  Pu-2.39  re- 
quired for  a  nuclear  weapon  is  determined  by  the  de- 
gree of  purit\  of  the  fissionable  isotope.  The  purer  the 
isotope,  the  smaller  the  critical  mass.  Howe\  er,  natural 
uranium,  enriched  with  as  little  iis.  for  example.  30  per 
cent  U-2.35.  w  ill  "go  critical"  and  create  an  explosion  if 
a  large  enough  (|uantit\'  is  assembled.  The  \  ield  of  a 
nuclear  weapon  depends,  ofcour.se.  on  man\-  other  fac- 
tors, the  most  important  of  which  are  probably  the  rate 
at  which  the  two  sub-critical  components  are  brought 
together  and  the  "geometry",  material  and  construc- 
tion of  the  weapon. 

4.  Technology  designed  to  detect  the  diNcrsion  of  nu- 
clear materials  from  on-power  fuelled  reactors  le.g. 
C.\NDU)  is  l>eing  tested  at  the  Douglas  Point  Generat- 
ing Station. 

5.  David  J.  Rose  and  R.K.  Lester.  "Nuclear  Power.  Nu- 
clear Weapons  atul  International  Stability  ".  Scientific 
.\mcrican.  .\pril  197S.  pp.  4,5-57. 

6.  The  concept  of  "s;ifegiiards"  is  admirabK  explained 
in  Nuclear  Power  Policy  Study  Croup  Nuclear  Foucr: 
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Issues  and  Clwiccs.  Cambridge,  Mass.:  Ballinger, 
1977,  p.  292: 

Safeguards  over  the  use  of  indigenous  or  imported  nu- 
clear material  or  facilities  play  an  important  but  lim- 
ited role  in  preventing  proliferation.  They  do  not  in 
themselves  limit  the  capabilitv  to  make  nuclear  weap- 
ons; they  do  not  prevent  misuse  of  nuclear  capabilities 
or  prevent  proliferation.  Nevertheless,  the  do  help 
deter  proliferation  and  create  an  international  atmo- 
sphere in  which  a  non-proliferation  regime  is  possible. 

7.  The  Windscale  Inquiry,  report  by  the  Honourable 
Mr.  Justice  Parker  presented  to  the  Secretary  of  State 
for  the  Environment  on  January,  26,  1978:  Vol.  1,  Re- 
port and  Annexes  3-5,  London,  1978. 

8.  Canada's  safeguards  systems  is  perhaps  the  most 
stringent  in  the  world.  Our  present  policy  resulted  in 
the  cessation  of  nuclear  exports  to  both  India  and 
Pakistan  (who  refused  to  accept  Canadian  safeguards) 
and  in  an  embargo  which  lasted  for  more  than  a  year  on 
the  sale  of  uranium  to  Japan  and  certain  members  of  the 
European  Economic  Community. 

9.  .\morv  Lovins,  Soft  Ener<^ii  Paths:  Toward  a  Dura- 
ble Peace,  Cambridge,  Mass.:  Ballinger,  1977.  Table  11- 
1  indicates  that  up  to  March  .31,  1976,  approximately 
1.1  tonnes  of  uranium-2.3.5  enriched  above  the  20  per 
cent  level  had  entered  Canada  from  the  United  States. 

Notes  to  Chapter  Twelve 

1.  Eldorado  Nuclear  Limited  and  .\tomic  Energ\^  of 
Canada  Limited,  federal  Crown  corporations,  cur- 
rentlv  dominate  much  of  the  front-end  of  the  fuel  cycle 
and  potentially  the  back-end  as  well.  Ontario  Hydro, 
the  only  utility  in  the  province  operating  nuclear  reac- 
tors, is  also  publicly  owned.  Part  II  of  the  new  Nuclear 
Control  and  Administration  Act  indicated  clearly  that 
the  federal  government  intends  to  become  more  in- 
volved in  the  commercial  aspects  of  nuclear  power, 
paricularly  as  related  to  the  foreign  sales  of  uranium 
and  nuclear  reactors.  There  is,  therefore,  an  implicit 
linkage  of  nuclear  power  to  government  policy  and  an 
implied  accountability  of  governments  for  the  deci- 
sions of  these  corporations. 

2.  The  economic  benefits  and  the  energv'  potential 
available  to  Canadians  from  our  uranium  base  and  from 
CANDU  technology  are  significant.  Consequently,  it  is 
against  these  benefits  that  the  regulators  must  objec- 
tively as.sess  risks  to  health,  safety  and  the  environment. 

3.  A.M.  Weinberg  and  R.P.  Hammond,  "Global  Effects 
of  Increased  Use  of  Energy",  in  Peaceful  Uses  of 
Atomic  Energy,  proceedings  of  the  Fourth  Interna- 
tional Conference  of  the  International  .\tomic  Energy 
.\gency,  Geneva,  September  7, 1971. 

4.  The  Ontario  Energy  Board  held  fifty-eight  days  of 


public  hearings  on  this  subject  from  January  21  to  June 
,3, 1974. 

5.  "Prescribed  substances"  are  defined  in  the  existing 
legislation  as  "uranium,  thorium,  plutonium,  neptu- 
nium, deuterium,  their  respective  derivatives  and  com- 
pounds and  any  other  substances  that  the  Board  may  by 
regulation  designate  as  being  capable  of  releasing 
atomic  energv',  or  as  being  requisite  for  the  production, 
use,  or  application  of  atomic  energy". 

6.  Mission-oriented  research  is  called  for  when  addi- 
tional technical  information  would  be  valuable  to  sup- 
plement or  confirm  information  supplied  by  an  appli- 
cant or  to  provide  answers  to  questions  of  a  broad 
nature  that  apply  to  more  than  one  licensing  activity  by 
the  AECB.  The  National  Re.search  Council,  since  .April 
1,  1976,  has  been  responsible  for  providing  grants  to 
universities  in  .support  of  basic  research  in  the  nuclear 
field. 

7.  Royal  Commission  on  the  Health  and  Safety  of 
Workers  in  Mines,  Report,  Toronto,  1976,  pp.  86-87. 

S.  It  should  be  noted  that  the  vague  terms  of  the  existing 
.\ct  are  not  surprising  in  view  of  the  fact  that  in  1946 
nuclear  fission  power  was  at  a  very  early  stage  of 
development. 

9.  Ministry  of  the  Environment  submission  to  RCEPP, 
December  1977.  Exhibit  259. 

10.  The  Darlington  Nuclear  G.S.,  which  was  at  an  ad- 
vanced stage  of  planning  when  the  .Act  was  passed,  was 
exempted  from  the  provisions  of  the  Act  on  July  25, 
1977,  because  "undue  delay  and  expense"  would  result 
and  could  have  had  very  serious  consequences  for  On- 
tario Hydro's  ability  to  meet  the  demand  for  electricity. 
However,  the  Ministry  of  the  Environment,  the  Minis- 
try of  Energy,  and  Ontario  Hydro  have  agreed  that  all 
future  major  stations  will  undergo  enviroimiental  as- 
sessment. It  should  be  noted  that  hearings  will  be  held 
at  the  discretion  of  the  Minister  of  the  Environment. 

H.  Section  91  of  the  British  North  .America  Act  gives 
the  federal  government  the  right  to  make  laws  for  the 
peace,  order  and  good  government  of  Canada  with  re- 
spect to  all  matters  not  coming  within  those  subjects 
assigned  exclusively  to  the  provinces  under  section  92. 
Two  of  those  subjects,  "property  and  civil  rights  in  the 
provinces"  and  "matters  of  merely  local  . . .  nature  in 
the  province"  have  been  debated  in  hundreds  of  juris- 
dictional disputes.  The  result  of  many  of  the.se  cases  has 
led  to  the  conclusion  that  if  a  work  or  undertaking  is 
within  the  jurisdiction  of  the  federal  government,  pro- 
vincial legislation  attempting  to  regulate  or  license  that 
work  is  ultra  vires. 

There  is  a  serious  question  of  whether  Ontario's  En- 
vironmental .Assessment  .Act  would  be  held  ultra  vires 
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if  it  were  used  as  justification  for  the  regulation  or  con- 
trol of  the  siting  and  construction  of  a  nuclear  generat- 
ing station.  The  authority  of  the  federal  government  to 
deal  exclusively  in  nuclear  matters  first  came  before  the 
Ontario  courts  in  Pronto  Uranium  Mines  Limited  v 
The  Ontario  Labour  Relations  Board  f 7956).  In  Al- 
goma  Uranium  Mines  Limited  v  The  Ontario  Lahoitr 
Relations  Board  ( 1 956),  the  judgement  stated  that: 

In  this  day  it  cannot  be  said  that  the  control  of  atomic 
energy  is  merely  a  local  or  Provincial  concern  and  in 
my  opinion  it  is  a  matter  which,  from  its  inherent  na- 
ture, is  of  concern  to  the  nation  as  a  whole  and  the  Act 
and  Regulations  are  within  the  powers  of  Parliament 
to  make  laws  for  the  peace,  order  and  good  govern- 
ment of  Canada. 

This  position  was  subsequently  upheld  in  the  197.3  case 

of  Denison  Mines  Limited  v  The  Attornery  General  of 
Canada. 

12.  See  Chapter  6. 

13.  On  the  instructions  of  the  Atomic  Energy  Control 
Board,  its  staff,  together  with  representatives  of  the  re- 
actor safety  advi.sory  committee,  of  the  utilities  using 
nuclear  power,  and  of  the  designer,  are  documenting 
the  procedures,  guidelines  and  standards  which  have 
never  been  clea;-ly  .set  down  and  placed  before  the 
Board.  The  committee  is  known  as  the  Interorgani- 
zation  Working  Group. 

14.  A  list  of  the.se  studies  is  included  in  theCN.'\  submis- 
sion, August  1977.  Exhibit  191. 

15.  It  is  anticipated  that  the  Envirorunental  .\sse.ssment 
Board  will  deal  with  all  of  these  questions. 

16.  Institute  for  Aerospace  Studies,  University  of  To- 
ronto, .submission  to  the  Debate  Stage  Hearings.  Ex- 
hibit 152. 

17.  There  have  been  three  key  suggestions  for  ways  to 
shorten  the  lead  times  required  for  the  development  of 
electric  power  facilities.  These  arc: 

•  Generic  hearings,  held  on  a  specific  topic  (for  ex- 
ample, the  decommissioning  of  nuclear  reactorsV  Such 
hearings  may  allow  a  topic  to  be  separated  from  the 
consideration  of  licensing  a  specific  reactor,  while  at 
the  .same  time  allowing  for  full  consideration  of  .some  of 
the  broader  aspects  relating  to  nuclear  |)ovver. 

•  Reparation  o/  site  selection  hearings  from  project 
(y/;/>roL"rt//u'Hn'ng,v.  This  .separation  may  streamline  the 
approvals  process,  but  it  ma\  also  conhise  the  ke\  i.ssues 
of  need,  safety  and  <mi\  ironnicntal  impact  bei-ause  it 
may  prove  difficult  to  untangle  these  issues  from  one 
hearing  to  another. 

•  Standardize  reactor  unit  size  and  desiiin.  Some 


believe  this  practice  would  reduce  the  regulatory  re- 
view period  but  others  believe  it  would  not  lead  to  satis- 
factory advancement  in  performance  and  safety. 

Notes  to  Chapter  Thirteen 

1.  Ontario  Ministry  of  Energy,  Ontario's  Energy  Fu- 
ture,Toronto,  .\pril  1977. 

2.  Ontario  Hydro's  estimate  of  the  capital  costs  in  cur- 
rent dollars,  including  escalation  for  capacity  coming 
into  service  in  198.5-1988,  is  .$l.5(M)/k\V  Darlingtoni 
and  in  1995  is  $2.3(X)/k\\'.  Ontario  Hydro  submission. 
Generation  Planning  Processes,  Figure  1 1-12.  Exhibit 
21.  The  figure  .$2(XK)/k\\'  is  used  as  an  approximate 
average  post-Darlington  capacity  cost. 

3.  Nuclear  power  stations  provided  27  per  cent  of  On- 
tario Hydro's  total  energy  generated  in  1977.  The  Pick- 
ering units  operated  with  an  over  9()  per  cent  capacity 
factor  throughout  the  vear.  The  first  two  Bruce  units 
also  operated  at  high  capacity  factors  from  their  in- 
service  date,  September  1.  While  the  nuclear  stations' 
average  factor  was  greater  than  9()  per  cent  from  their 
in-service  dates,  the  year  long  capacity  factor  of  the 
almost  3800  M  W  of  nuclear  power  was  70  per  cent. 

4.  This  estimate  of  the  potential  of  bioma.ss.  especially 
that  of  energy  plantations,  is  appreciably  lower,  on  a 
per  capita  basis,  than  a  recent  Swedish  estimate.  T.C 
Johansson  and  Peter  Steen,  of  the  Swedish  Secretariat 
for  Future  Studies,  "Solar  Sweden  ",  AmBio,  Vol.  7.  No. 
2,  p. 70,  have  developed  a  total  energ\'  scenario  for  the 
year  201.5  which  shows  how  the  conntr\  s  energ\  sup- 
ply could  be  based  entireK'  on  domestic  and  renewable 
energ\  sources.  Notably  almost  .50  per  cent  would  be 
contributed  b\-  biomass  (energ\-  plantations  —  this  is 
ba.sed  on  the  po.ssible  use  of  2.9  million  hectares  for 
energy  plantations  with  an  average  yield  of  90  MWh 
per  hectare  per  vear.  With  a  massive  effort  Ontario 
should  be  able  to  achieve  comparable  results  within 
fort\  years. 

Notes  to  .\niicx  E 

1.  Ontario  Ihdro  submission  to  Debate  Sta>:o  Hearintxs. 
Exhibit  107,  .\ppendix  1. 

2.  Ihid. 

3.  Informal  meeting  with  Hsdraulic  Section,  Ontario 
Hydro,AprilI4,  197S. 

4.  Upgrading  of  h\ilroelectric  facilities  installed  or 
committed  to  date  totals  151  MW  of  installed  depend- 
•ible  power. 

5.  t)ntario  IKdro,  submission  to  HCEPP,  Debate  Stage 
Hearings.  Exhibit  107. 

().   The  Ottiuiier  Ait  of  M.i\  2-1.  1977,  authorized  the 
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Federal  Power  Commission  "to  issue  low  interest  loans 
and  grants  to  prove  the  economic,  technical,  and  en- 
vironmental feasibility  of  utilizing  dams  all  across  the 
coiuitry"  for  electricity  production. 

7.  INCO  Proposal  for  Hydro-Electric  Development 
on  the  Spanish  River",  INCO  presentation  to  the  Sierra 
Cluhand  Wilderness  Canoeing  Club,  1977. 

8.  These  technologies  will  be  reviewed  in  detail  in  the 
Commission's  final  report. 

9.  Energy,  Mines  and  Resources  Canada,  An  Energy 
Strntcgtj  forCanada,OltAwa,  1976,  Table  11. 

10.  Fisheries  and  Environment  Canada,  submission  to 
Debate  Stage  Hearings.  Exhibit  120. 

11.  Morris,  Wayman  Limited,  Wood-Fired  Electricity 
Generation  in  Eastern  ()(Urt);o, Toronto,  1978. 


1 2.  For  comparison  with  a  projected  renewable  energy 
scenario  for  Sweden,  see  T.B.  Johansson  and  Peter 
Steen,  "Solar  Sweden",  AmBio,  Vol.  7,  No.  2,  p.  70. 
Noteworthy  is  the  fact  that  the  authors  assume  2.9  mil- 
lion hectares  in  Sweden  for  energy  plantations  (with  an 
average  yield  of  90  MWh  per  hectare  per  year);  this 
represents  6  to  7  per  cent  of  the  total  land  area.  The 
aggregate  energy  (for  2015)  assumed  generated  by  bio- 
mass  is  351  Terawatt  hours  (TWh)  compared  with  217 
TWh  from  hydraulic  and  solar  energy  combined.  The 
total  from  renewable  sources  is  568  TWh,  which 
matches  Sweden's  total  projected  energy  demand  for 
the  year  2015. 

13.  A  number  of  estimates  were  pre,sented  to  the  Com- 
mission during  the  Debate  Stage  Hearings. 

14.  Dow  Chemical,  submission  to  Public  Information 
Hearings.  Exhibit  39. 


Annex  A 

Terms  of  Reference 


The  Royal  Commission  on  Electric  Power  Plan- 
ning has  been  empowered  under  Order-in-Council 
number  2()05B/75  dated  the  17th  day  of  July,  A.D. 
1975  and  instructed  to: 

1)  Elxamine  the  long-range  electric  power  planning 
concepts  of  Ontario  Hydro  for  the  period  1983-93 
and  beyond  and  to  report  its  findings  and  recom- 
mendations to  the  Government,  so  that  an  ap- 
proved framework  can  be  decided  upon  for  On- 
tario Hydro  in  planning  and  implementing  the 
electrical  power  system  in  the  best  interests  of  the 
people  of  Ontario; 

2)  Inquire  comprehensively  into  Ontario  Hydro's 
long-range  planning  program  in  its  relation  to  pro- 
vincial planning;  to  domestic,  commercial  and  in- 
dustrial utilization  of  electrical  energy;  to  environ- 
mental, energy  and  socio-economic  factors, 
including  but  not  limited  to  matters  such  as  elec- 
tric load  growth,  systems  reliability,  management 
of  heat  discharged  from  generating  stations,  inter- 
connecting and  power  pooling  with  neighbouring 
utilities,  export  policy,  economic  investment  pol- 
icy, land  use,  general  principles  on  the  siting  of 
generating  stations  and  transmission  corridors, 
efficient  utilization  of  electrical  energy  and  wise 
management  (conservation)  of  primary  energy  re- 
sources, power  generation  technology,  security  of 
fuel  supplies  and  operational  considerations; 

3)  Deal  primarilv  with  the  broader  issues  relating 
to  electric  power  planning,  and  thus  serve  to  alle- 
viate the  need  for  re-examination  of  these  issues  at 
subse(|uent  hearings  of  other  hearing  bodies  on 
specific  details  such  as  siting,  rates,  etc.; 

4)  Consider  and  report  on  a  prioritv  basis  on  the 
need  for  a  North  Channel  Generating  Station,  a 
second  5tK)  k. V.  line  from  Bruce,  a  5(H)  k. V.  supplv 
to  Kitchener,  a  500  k.V.  line  from  Nanticokc  to 
LontloM,  and  a  500  k.V.  line  in  the  Oll.iwa-C'oni- 
wall  area,  and  other  projects  as  niav  be  directeti  b\ 
the  Lieutenant  Governor  in  Coimcil. 


Paragraph  4  was  amended  and  supplemented  un- 
der O.C..3489/77  dated  the  14th  day  of  December. 
A.D.  1977  to  include  that  the  Royal  Commission  on 
Electric  Power  Planning  be  instnicted  and  em- 
powered to  complete  its  examination  of  issues  re- 
lating to  nuclear  power,  to  prepare  an  interim  re- 
port of  its  opinions  and  conclusions  in  this  area, 
including  the  extent  of  the  need  for  nuclear  a.s  a 
component  of  Ontario's  future  energy  supply  and 
the  proportion  of  nuclear  power  in  Ontario  Hy- 
dro's futtire  generating  capacity,  and  to  provide 
such  report  on  or  before  the  30th  day  of  June.  .\.D. 
1978. 

Paragraph  4  was  further  amended  under  Order-in- 
Council  dated  the  12th  day  of  July.  197S.  as 
follows: 

.\)  Having  concluded  its  hearings  with  respect 
to  paragraphs  1,  2  and  3  of  its  terms  of 
reference; 

i)  For  the  geographic  area  of  Ontario  south 
of  Bnice  Nuclear  power  development  and 
west  of  a  line  between  E-s.sa  transformer  sta- 
tion and  Nanticoke  generating  station,  con- 
sider ;intl  report  to  the  Minister  of  Enert:\ 
on  or  before  Ma\-  3 1 ,  1979  on  load  grou  th  in 
the  area  up  to  the  end  of  19S7  and  from 
1987  to  the  year  2CKX).  the  capabilit\  of  ex- 
isting and  coiiunitled  bulk  pouer  genera- 
tion and  transmission  facilities  to  suppK 
this  load  to  the  area  taking  into  actxjunt 
Government  policv  w  ith  respect  to  the  use 
of  interconnections  \\  ith  nei<j;hbourin^  util- 
ities, ant!  the  resulting  dale  at  \\  liicli  aildi- 
tional  bulk  power  facilities,  if  anv.  will  be 
needed,  but  excluding  consideration  of  the 
specific  nature  of  the  additional  bulk  ^-Mnver 
facilities  which  ma\  be  re(|uiretl  and  of 
their  locational  and  environmental  ;i.spects; 
and 
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ii)  For  the  geographic  area  of  Ontario  east 
of  Lennox  generating  station,  consider  and 
report  to  the  Minister  of  Energy  on  or 
before  June  30,  1979  on  load  growth  in  the 
area  up  to  the  end  of  1987  and  from  1987  to 
the  year  2000,  the  capability  of  existing  and 
committed  bulk  power  generation  and 
transmission  facilities  to  supply  this  load  to 
the  area  taking  into  account  Government 
policy  with  respect  to  the  use  of  intercon- 
nections with  neighbouring  utilities,  and 


the  resulting  date  at  which  additional  bulk 
power  facilities,  if  any,  will  be  needed,  but 
excluding  consideration  of  the  specific  na- 
ture of  the  additional  bulk  power  facilities 
which  may  be  required  and  of  their  loca- 
tional  and  environmental  aspects; 

B)  Provide  the  Government  with  its  report  and 
recommendations  on  paragraphs  1,  2  and  3  of 
these  terms  of  reference  on  or  before  October 
31, 1979. 

[This  means  that  original  number  4  has  been  de- 
leted and  replaced  ivlth  the  above.  ] 


Annex  B 

Energy  Units 


One  of  the  difficullies  in  cliscussing  energy  piol)-  ally  accepted  standard  unit  for  energy.  The  follow- 

lems  relates  to  the  wide  range  of  units  currently  in  ing  conversion  factors  have  been  used: 

use  as  measures  of  energy.  For  example,  commonly  i  [vlj  =      0.2778  kWh 

used  energy  units  are  kilowatt  hours  (kWh),  British  =  947.8  Btu 

thermal  units  (Btu),  and  kilocalories  (kcal)  which  =  238.8  kcal 

can  be  derived  from  tons  and  metric  tonnes  of  coal,  ,  „,  ,  ,, —  ,  , 

1  Btu  =  l.O.ookJ 
barrels  of  crude  oil,  or  cubic  leet  ol  natural  gas.  _  r)  qi]  v  in-'l\\[ 

ComparLsonof  the  "energy  content"  of  a  variety  of  _  ^-.-y     i 

sources  on  an  absolute  basis  is  difficult  because  of 

thisvariance  in  terminology.  In  this  Interim  Report  ^  Ion  of  coal  =  22  to  28  x  KfBtu 

we  have  used  the  generally  accepted  units  of  en-  "  '-'-^  to29..>J  x  10'  MJ 

ergy,  as  well  as  megajoules  (MJ),  the  internation-  (depending  upon  the  (juality  of  the  coal) 


1  barrel  of  cnide  oil  =  5.8  x  10' Btu 
=  6.12  X  10' MJ 

1  cubic  foot  of  natural  gas  =  1.0.3  X  lO'Btu 

=  1.09  MJ 


/.yr 


Annex  C 


State  of  the  Inquiry 


The  Royal  Commission  on  Electric  Power  Plan- 
ning was  established  in  July  1975  in  response  to 
conceras  expressed  by  several  individuals  and  pub- 
lic interest  groups  regarding  Ontario  Hydro's  long 
range  plans  for  the  development  of  Ontario's  elec- 
tric power  system.  Recognizing  the  public  interest 
in  the  impact  of  electric  power  development,  the 
Commission  has  always  considered  effective  wide- 
spread public  participation  to  be  essential  to  the 
success  of  its  intjuiry.  In  keeping  with  this  aim,  we 
have  been  more  concerned  with  broad  planning 
principles  than  with  narrow  technical  details.  We 
summarize  below  the  major  stages  of  the  inquiry. 
As  well  we  outline  our  programme  of  seminars, 
workshops  and  symposia  and  list  the  people  and 
organizations  who  presented  briefs  during  the  nu- 
clear debate  stage  hearings. 

Preliminary  Meetings 

The  processof  open  planning  and  public  participa- 
tion began  in  the  autumn  of  1975  with  a  series  of 
informal  Preliminary  Meetings,  which  were  held 
in  seventeen  locations  around  the  province.  The 
purpose  of  these  meetings  was  to  determine  the 
i.s.sues  which  were  of  most  concern  to  the  public 
(one-third  of  the  submissions  mentioned  nuclear 
power  as  being  of  major  concern),  and  to  establish 
procedures  for  wide  participation.  Written  sub- 
missions were  received  from  265  groups  and  indi- 
viduals, and  the  Commission  heard  163  oral  pre- 
sentations. Over  6,0(X)  people  attended  the 
Preliminary  meetings.  The  Commission  s  1st  Re- 
port highlights  many  of  the  i.ssues  and  areas  of  con- 
cern brought  forward  by  the  public  at  this  stage. 

Public  Information  Hearings 

Subsequent  to  the  preliminary  meetings,  the  Com- 
mission organized  a  .series  of  Information  I  learings. 
These  were  aimed  at  gathering  information  on  the 


"whats  "  and  "hows  '  of  current  practices,  the  ob- 
ject was  to  build  a  readily  available  data  base  for 
both  the  Commission  and  the  public. 

The  first  stage  began  March  '31,  1976  and  con- 
tinued, in  various  cities  and  towns  in  the  province, 
until  July  27,  1976.  Ontario  Hydro  presented  infor- 
mation on  its  current  procedures  and  its  projec- 
tions for  the  future  in  16  areas.  The  provincial  min- 
istries of  Agriculture  and  Food,  Energy, 
Environment,  Health,  Housing,  Industr\'  and 
Tourism,  Natural  Resources,  and  the  Ministry  of 
Treasury,  Economics  and  Intergovernmental  .\f- 
fairs  also  gave  information  at  this  stage  and  the 
Commission  brought  in  experts  in  relevant  fields  to 
cross-examine  the  Ontario  Hydro  and  government 
witnesses.  The  public  participated  actively  in 
these  hearings. 

The  second  stage  of  the  Information  Hearings 
was  held  in  Toronto  from  November  2,  1976  to 
January  20,  1977  —  public  interest  groups,  associa- 
tions and  industries  made  submissions  during  this 
stage. 

The  Meetings  in  Northern  Ontario 

In  .\ugust  and  September  1976,  members  of  the 
staff  of  the  Commission  visited  fi\e  remote  com- 
munities in  Ontario's  far  north,  meeting  with  Cree 
and  Ojibwav  Indians  in  Mattaganu',  .\ttawapiskat. 
Fort  Hope,  \\'ebeqiu'e,  and  Winisk.  The  Commis- 
sion received  clear  messages  from  the  native  peo- 
ple that  thev  wanted  to  be  invoked  in  Ontario's 
debate  on  energv  planning.  During  the  \  isit  a 
tragic  plane  cnishoccurred  which  took  the  lives  of 
ten  dedicated  people  involved  in  the  Comnii,ssion's 
work.  Todav  this  tragic  event  remains  a  .s;id  re- 
membrance. Our  report  entitled  Tlu  \fittiniis  in 
//)('  S'orth  summarizes  the  discu.ssions  and  findings 
of  the  tour  —  it  is  dedicated  to  tho.se  who  lo.st  their 
lives. 
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Debate  Stage  Hearings 

After  the  completion  of  the  Information  Hearings, 

a  series  of  Issue  Papers  was  prepared  relating  to 

concerns  voiced  during  the  preliminary  meetings 

and  the  Public  Information  Hearings.  Nine  Issue 

Papers  were  published;  each  addressed  a  specific 

area  of  concern: 

Nuclear  Power  in  Ontario 

The  Demand  for  Electric  Power 

Conventional        and        Alternate        Generation 

Technology 

Transmission  and  Distribution 

Land  Use 

Financial  and  Economic  Factors 

Total  Electric  Power  System 

The    Decision-Making    Framework    and    Public 

Participation 

An  Overview  of  the  Major  Issues 

The  Issue  Papers  have  been  used  as  a  focus  for 
the  debate  stage  hearings.  Each  set  of  hearings  has 
commenced  with  a  public  panel  discussion  led  by 
recognized  experts  in  the  field. 

The  Debate  Stage  Hearings  have  provided 
opportunities  for  debate  and  discussion  of  the  com 
plex  issues  raised  during  the  Preliminary  Meetings 
and  have  been  effectively  supported  by  the  in- 
depth  information  provided  during  the  Public  In- 
formation Hearings.  In  a  real  sense  the  question 
"why"  has  been  central.  Because  of  public  interest, 
the  hearings  were  extended  from  the  originally 
planned  five-month  period  May  17  to  October  27, 
1977,  to  the  end  of  January  1979.  They  began  with 
the  Demand  issue,  then  moved  to  Conventional 
and  Alternate  Generation  Technology,  the  Nu- 
clear issue,  Transmission  and  Land  Use,  and  Finan- 
cial and  Economic  Factors.  The  nuclear  hearings 
generated  great  interest;  they  took  a  total  of  63 
days  for  52  submissions,  from  June  23  to  July  13, 
1977  and  from  September  27,  1977  to  April  5, 
1978;  in  camera  hearings  on  nuclear  plant  security 
were  held  in  May  1978. 

Of  the  52  submissions,  29  were  anti-nuclear  on 
a  long-  or  short-term  basis,  18  were  pro-nuclear, 
and  5  were  considered  to  be  neutral.  Those  who 
submitted  briefs  on  the  nuclear  issues  are  listed 
below: 

W.G.  Artiss,  New  Bnmswick 
Atomic  Energy  Control  Board,  Ottawa,  Ontario 


Atomic  Energy  of  Canada  Limited,  Ottawa, 
Ontario 

E.  Best,  Toronto,  Ontario 
N.  Braden,  Madoc,  Ontario 
R.  Bramfitt,  North  Bay,  Ontario 
H.  Burkhardt  and  R.  Szmidt,  Toronto,  Ontario 
E.  Burt,  Manitoulin  Island,  Ontario 
Canadian  Coalition  for  Nuclear  Responsibility, 
Ottawa,  Ontario 

Canadian  Manufacturers  Association,  Toronto, 
Ontario 

Canadian  Nuclear  Association,  Toronto,  Ontario 
Chemical  Institute  of  Canada,  Toronto,  Ontario 
Confederation  College,  Thunder  Bay,  Ontario 
Citizens  Opposing  Radioactive  Pollution,  Madoc, 
Ontario 

Conservation  Council  of  Ontario,  Toronto,  Ontario 
Electrical  and  Electronic  Manufacturers  Associa- 
tion, Toronto,  Ontario 

Federation  of  Engineering  and  Scientific  Associa- 
tions, Toronto,  Ontario 
Fisheries  and  Environment  Canada 
Fusion  Energy  Foundation,  Toronto,  Ontario 
Greenpeace  Foundation  London,  London,  Ontario 
H.K.  Hare,  Toronto,  Ontario 
S.T.  Hunnisett,  Thunder  Bay,  Ontario 
Institute  for  Aerospace  Studies,  Toronto,  Ontario 
W.B.  Lewis,  Deep  River,  Ontario 
A.  Lovins,  London,  England 
J.  McNamee,  Toronto,  Ontario 
T.  McQuail,  Lucknow,  Ontario 
Rev.  S.  Mo,  Hamilton,  Ontario 
M.  Mostert,  Guelph,  Ontario 
National  Farmers  Union,  Crysler,  Ontario 
National  Farmers  Union,  Guelph,  Ontario 
Ontario  Coalition  for  Nuclear  Responsibility,  Sea- 
forth,  Ontario 

Ontario  Hydro  Employees'  Union,  Toronto, 
Ontario 

Ontario  Mining  Association,  Toronto,  Ontario 
Ontario  Ministry  of  the  Environment 
Ontario     Peoples     Energy     Network,     Ottawa, 
Ontario 

R.  Paehlke,  Peterborough,  Ontario 
People  Against  Nuclear  Development  Anywhere, 
Prescotl,  Ontario 
Pollution  Probe  —  Ottawa,  Ottawa,  Ontario 
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Preservation  of  Agricultural  Lands  Society,  St. 

Catherines,  Ontario 

Save  the  Environment  from  Atomic  Pollution,  Port 

Hope,  Ontario 

L.C.  Secord,  Toronto,  Ontario 

Serpent  River  Indian  Reserve,  Ontario 

Sierra  Club  of  Ontario,  Toronto,  Ontario 

P.W.  Sullivan,  Tweed,  Ontario 

R.J.  Uffen,  Kingston,  Ontario 

University  Women's  Club  of  North  York,  Toronto, 

Ontario 

Voice  of  Women,  Toronto,  Ontario 

Walk  for  Life,  Toronto,  Ontario 

Whitefish  River  Indian  Reserve,  Ontario 

P.  Whittaker,  Gilmour,  Ontario 

Public  Information  and  Participation 
Activities 

In  addition  to  holding  hearings,  the  Commission 
has  also  been  engaged  in  an  education  process  via 
the  Outreach  programme  and  the  seminars  and 
workshops  which  have  been  held  on  various  topics. 
The  Outreach  programme  and  utilization 
guidebook  helped  to  establish  lines  of  communica- 
tion with  many  schools,  colleges  and  community 
groups.  The  Commission  has  also  provided  speak- 
ers for  meetings  around  the  province,  and  has  co- 
operated with  TV  Ontario  in  the  production  of  a 
two-hour  special  on  energy.  A  niunber  of  seminars 
and  workshops  have  been  held,  the  first  of  which 
was  a  three-day  symposia  in  November  of  1976  on 
"Ontario's  Electric  Future  ".  It  was  aimed  primar- 
ily at  ol)laining  information  from  the  academic  and 


industrial  communities.  The  next  event  was  a 
three-day  workshop  in  March  of  1977,  called  "On- 
tario's Futures  and  Energy  Planning".  This  wa.s  an 
experiment  in  interaction  among  various  sectors  of 
the  community,  involving  these  representatives  in 
planning  the  future  of  Ontario  and  the  methods 
which  could  be  used.  In  September  nf  1977,  its  a 
beginning  to  the  extended  nuclear  hearings,  the 
Commission  sponsored  a  one-day  seminar  on  the 
nuclear  issue,  at  which  Sir  Brian  Flowers,  formerly 
Chairman  of  the  United  Kingdom  Royal  Commis- 
sion on  Environmental  Pollution,  was  one  of  the 
guest  speakers.  In  December  of  1977  another  one- 
day  seminar  on  "Energy,  Jobs  and  the  Economy  — 
Labour's  Viewpoint  "  was  held,  at  which  senior 
officials  from  the  Ontario  Federation  of  L;ibour  and 
the  Canadian  Ljibour  Congress  were  guest 
speakers. 

All  Public  Information  Hearing  exhibits  and 
transcripts  are  on  file  in  four  depository  libraries  in 
Ontario  —  London,  Ottawa,  Sudbury,  and  Thunder 
Bay.  The  Information  Centre  at  the  Commission 
has  a  full  set  of  all  exhibits  and  transcripts  of  the 
hearings.  Ottawa  also  has  a  set  of  traascripts  of  the 
Debate  Stage  Hearings. 

The  Commission  has  funded  research  reports 
by  both  individuals  and  consultants  and  bv  interest 
groups.  Funds  have  also  been  dispersed  for  both 
individuals  and  groups  to  make  sulinussions,  espe- 
cially during  the  main  hearings  when  all  meetings 
were  held  in  Toronto,  and  for  groups  to  attend  and 
take  part  in  the  cro.ss  examination  of  such  organi- 
zations as  .\tomic  Energy  of  Canada  Limited  and 
Ontario  Hydro. 


Aimcx  D 

Radiation  and  Radiation  Standards 


Natural  radioactivity  was  discovered  in  1896  when 
Becquerel  showed  that  certain  uranium  com- 
pounds emit  penetrating  radiation.  Radioactivity 
involves  the  emission  of  particles  from  the  nuclei  of 
the  unstable  atoms  of  radioisotopes.  Most  radioiso- 
topes are  isotopes  of  heavy  elements  (above  the 
element  busmuth  in  the  Periodic  Table),  and  their 
radioactivity  is  due  essentially  to  the  unstable  na- 
ture of  the  proton-neutron  ratios  and  configura- 
tions in  their  atomic  nucleii.  To  achieve  stability, 
radioisotopes  may  emit  the  following  types  of 
radiation: 

•  a-particles  —  These  particles  consist  of  two 
protons  and  two  neutrons  tightly  boimd  together  as 
in  the  nucleus  of  a  helium  atom.  Because  of  their 
comparatively  high  mass,  and  electric  charge, 
OS-emissions  have  a  short  penetrating  range  in  hu- 
man tissues  (about  4  hundredths  of  a  millimetre), 
but  a  strong  ionizing  effect  that  can  induce  cancer 
in  certain  cells.  For  example,  inhalation  of  finely 
powdered  plutonium-239,  an  a-emitter,  may  in- 
duce cancer  of  the  hmg. 

•  /3-particles  —  These  particles  are  electrons 
emitted  when  a  neutron  is  transformed  into  a  pro- 
ton. /3-particles  can  also  be  positively  charged  (pos- 
itron) if  a  proton  becomes  a  neutron.  These  parti- 
cles are  emitted  from  the  nucleus  with  a  broad 
range  of  velocities.  The  higher  the  velocity,  the 
greater  their  penetration  of  human  tissue,  the 
greater  the  ionizing  effects,  and  hence  the  greater 
the  cellular  damage  created.  Because  of  their  ex- 
tremely small  mass,  compared  with  a-particles, 
/3-particles  have  much  greater  penetrating  power 
but  much  less  ionizing  power. 

•  y-rays  —  y-rays  are  similar  to  x-rays  but  with 
shorter  wave  lengths  and  greater  penetration, 
■y-rays  can  be  regarded  in  some  respects  as  verv 
penetrating  electromagnetic  radiation  or,  on  the 
other  hand,  as  "photons,"  which  have  the  proper- 
lies  of  extremely  minute  particles,  y-rays  are  emit- 
ted from  a  nucleus  when  it  is  in  an  "excited"  energy 


state.  Their  emission  does  not  change  either  the 
mass  of  the  nucleus  or  the  chemical  properties  of 
the  atom. 

y-rays  are  the  most  penetrating  radiation 
known  to  man.  For  example,  very  hard  y-rays  can 
penetrate  many  feet  of  concrete,  two  or  three  feet 
of  steel,  and  a  foot  or  two  of  lead.  This  type  of 
radiation  constitutes  the  major  hazard  associated 
with  nuclear  power  and  especially  the  operation  of 
a  nuclear  reactor,  although  the  biological  damage 
caused  by  a  and  /3-particles  in  certain  circum- 
stances may  be  just  as  critical. 

•  Neutrons  —  Although  a  comparatively  rare 
process,  neutrons  are  emitted  when  a  nucleus  is  in  a 
highly  excited  stale.  For  our  purposes,  we  can  ig- 
nore this  category  of  radiation.  It  should  be  noted, 
however,  that  neutrons,  because  they  have  no  elec- 
tric charge,  have  very  high  penetrating  properties. 
By  definition,  all  radioisotopes  decay  emitting 
one  of  these  forms  of  radiation.  The  rate  of  deciiy  is 
measured  in  terms  of  the  "half-life"  of  the  radioiso- 
tope which  is  defined  as  the  time  recjuired  for  one 
half  of  the  atoms  originally  present  to  decay.  Thus, 
in  the  time  interval  equal  to  one  half-life,  the  num- 
ber of  atoms  and  the  original  activity,  or  rate  of 
radioactive  disintegration,  will  be  reduced  bv  a 
factor  of  2;  at  the  end  of  the  second  half-life,  the 
number  of  atoms  and  their  original  activitv  will  be 
reduced  bv  a  factor  of  4.  This  process  is  termed 
"exponential  decav.  Radioisotopes  with  \er\ 
short  half-lives  decav  very  rapidlv;  those  w  ith  \  er\ 
long  half-lives  decav  verv  slowlv. 

The  following  are  the  half-lives  of  some  tvpical 
radioisotopes: 

Uranium-2.38  — 4.5  X  IO*ye;irs 
Piutonium-289-24.4  x  lOSears 
Radium-226-  1.602  x  I(>\vears 
Ciiesium- 137  —  30  yeiirs 
Strontiuin-90  —  28  vears 
Krypton-85  —  9  years 
Iodine-131  —8  vears 
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Xenon-135  —  9.2  hours 
Oxvgen-15  — 2  minutes 
Lithium-S  —  0.9  seconds 

Radiation  Units 

The  most  widely  used  unit  to  define  the  amount  of 
radioactivity  is  the  curie.  The  unit  is  defined  in 
terms  of  the  number  of  disintegrations  of  a  radio- 
isotope that  occurs  per  second.  Formallv,  the  curie 
is  that  amount  of  a  radioisotope  that  undergoes  3.7 
X  10'"  disintegrations  per  second. 

Measurement  of  Radiation  Dose 

The  basic  unit  used  to  measure  radiation  dose  is  the 
"rad"  or  "radiation  absorbed  dose".  One  rad  is  the 
amount  of  radiation  that  would  cause  0.01  joules  of 
energy  to  be  absorbed  by  1  kilogram  of  mass. 
Throughout  this  report  we  have  used  a  derived 
unit  called  the  "rem,  "  (Roentgen  Equivalent  Man), 
which  is  defined  as  the  unit  of  ionizing  radiation 
that  produces  the  same  tissue  damage  from  any 
radioactive  source  ;  it  is  equivalent  to  a  given 
amount  of  energy  (100  ergs)  of  x-rays  per  gram  of 
biological  tissue.  The  ionizing  radiation  doses  asso- 
ciated with  nuclear  power  station  emissions  are 
normally  measured  in  rems  or  millirems  per  year, 
and  their  effect  on  biological  tissue  is  cumulative. 
In  the  event  of  a  serious  nuclear  reactor  accident, 
radiation  doses  would  be  measured  in  rems  per 
hour  and  per  day  as  well  as  per  year. 

Highly  specialized  instnmients  are  used  to 
monitor  radiation  both  in  generating  stations  and 
outside  them.  For  example,  "y-fields"  are  detected 
using  single  crystal  scintillation  counters  and  pulse 
height  analysers.  Neutron  radiation  is  measured  by 
the  activation  of  manganese  foil,  and  /3-radiation  is 
measured  using  conventional  Geiger-counter  tech- 
niques. The  Radiation  Protection  Bureau  of  Health 
and  Welfare  Canada  provides  a  film  badge  detec- 
tion service  for  all  workers  entering  radiological 
zones  in  all  nuclear  generating  stations.  The  film 
badges  are  worn  for  a  period  of  two  weeks  and  are 
subsequently  processed  in  Ottawa.  The  film  indi- 
cates whole  body  exposure,  and  measures  dose 
equivalent  directly  in  rems.  The  whole  body  dose 
is  normally  due  to  y-radiation.  However,  because 
the  film  badge  is  only  capable  of  measuring  y-radi- 
ation exposures,  an  attempt  is  also  made  to  obtain  a 


measure  of  skin  dosages  of  y3-radiation,  but  insofar 
as  plant  personnel  are  concerned,  the  external 
y-radiation  exposure  is  normally  the  factor  that 
determines  the  time  an  individual  worker  spends 
in  a  particular  work  area. 

A  computer  programme  known  as  the  "Dose 
Control  Programme'  has  been  developed  at  Pick- 
ering to  handle  all  data  obtained  from  the  y  and 
y3-radiatioii  monitors.  At  the  end  of  every  two 
week  monitoring  period,  reports  are  obtained  that 
give  the  up-to-date  totals  for  both  the  external  and 
internal  doses  received  by  each  worker.  These  are 
used  to  limit  the  further  exposure  of  each  worker 
and,  at  the  end  of  each  quarter,  the  dose  data  are 
transferred  from  the  computer  files  to  long-term 
dose  record  files  for  all  employees  at  the  generating 
station. 

The  following  listing  indicates  the  relative 
doses  of  ionizing  radiation  from  a  variety  of  natural 
and  man-made  sources. 

Radiation  doses  to  average  general  population  — 

millirems  per  year 

Cosmic  rays  (average)  —  44.0 

Terrestrial  radiation  (natural  sources)  —  58.0 

Global  fallout -4.0 

Medical  diagnostic  x-rays  —  72.0 

Radiopharmaceutical  radiation  — 1.0 

Colour  television  (l  hour  per  day)  —  2.0 

Nuclear  power  (maximum  radiation  dose  at  station 

fence) -2.0 

Miscellaneous  —  3.0 

Source:  Atomic  Energy  of  Canada  Limited 

The  data  in  the  table  should  be  put  into  per- 
spective. As  indicated  below  the  average  dose  to 
bone  marrow  from  various  diagnostic  x-ray  proce- 
dures involves  appreciably  higher  doses  than  those 
from  all  natural  causes  and  these  are  far  greater 
than  the  average  radiation  dose  from  nuclear 
power. 

Mean  bone  marrow  dosage  from  x-rays  —  millirems 

per  year 

Dental  (full  mouth) -20 

Chest -40 

Abdomen—  100 

Stomach  and  gastrointestinal  tract  —  300 

Lower  gastrointestinal  tract  —  600 

Source:  Based  on  data  from  ICRP  in  1970. 
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Radiation  from  Nuclear  Fowcr  Stations 

The  radioactive  materials  that  may  he  released 
from  nuclear  power  stations  can  he  classified  as 
either  "activation  prf)ducls"  or  "fission  products.  ' 
The  former  result  from  the  homhardment  t)v  neu- 
trons of  such  materials  in  the  reactor  as  air,  coolant, 
and  fragments  of  metal  in  the  coolant.  Fi.ssion  pro- 
ducts result  directly  from  the  splitting  (fission)  of 
uranium-235  nuclei;  these  products  are  lighter 
atoms  such  as  strontium,  col)alt,  iodine,  caesium, 
xenon,  etc.  Fission  products,  which  are  usually  ra- 
dioactive with  a  broad  range  of  half-lives,  are 
formed  in  the  fuel,  hut,  under  certain  compara- 
tively rare  circumstances,  they  may  find  their  way 
into  the  coolant  system. 

The  principal  radioisotopes  released  in  a  nu- 
clear reactor  are  shown  below.  The  maximum  lim- 
its for  the  radioactivity  that  may  be  released  are 
designated  in  the  operating  licence  issued  to  each 
generating  station  by  the  Atomic  Energy  Control 
Board.  The  limits  set  generally  follow  the  recom- 
mendations of  the  International  Commission  on 
Radiological  Protection  (ICRP). 

Some  common  radioisotopes,  their  classification 
and  half-life,  produced  in  CA\DU 
Tritium  —  Activation  Product  —  12  years 
Argon-41  —  Activation  Product  —  1.8  years 
Krypton,  Xenon  —  Fission  Product  —  hours-days 
Iodine- 1 31  —  Fission  Product  —8  days 
Caesivun-137  —  Fission  Product  —  30  vears 
Caesium- 134  —  Fission  Product  —  2  years 
Cobalt-6()  —  Activation  Product  —  8.3  years 

Radiation  Standards 

Several  highly  prestigious  commi.ssions,  commit- 
tees and  institutions  have  been  established  during 
the  past  thirty  years  with  the  major  purpose  of  as- 
.sessing  the  health  hazards  of  exposure  to  radiation. 
Concomitantly,  these  bodies  have  considered  basic 
radiation  stantlards  and  limits.  .\II  international, 
regional,  and  national  connniltees  on  radiation 
exposure  recommend  that,  except  for  ratlialion 
therapy,  all  human  exposure  to  radiation  should  be 
kept  to  an  absoluti-  miniiiUMii.  in  ("anada  the  le- 
gally eslablisluxl  bodx  lor  setting  radiation  stan- 
dards is  the  Atomic  Energy  Control  Board  (.VECB). 
The  Board  relies  hea\  ilv  on  the  recommendations 


of  international  agencies  and  committees.  Two  of 
the  most  important  of  which  are  the  International 
Commission  on  Radiological  Protection  TCRP' 
and  the  I'nited  Nations  Scientific  Committee  on 
the  Effects  of  Atomic  Radiation '  UNSCHVR '. 

The  ICRP  consists  of  a  group  of  twelve  scien- 
tists —  biologists,  physicists,  geneticists,  biophysi- 
cists,  biochemists,  and  radiologists  —  who  are  se- 
lected by  the  International  Congress  of  Radiology 
on  the  basis  of  their  scientific  reputation.  The  Com- 
mission is  independent  of  all  governments  and  po- 
litical bodies  and  is  accountable  onl\'  to  the  Inter- 
national Congress  of  Radiolog)'.  Its 
recommendations  have  been  adopted  widely  by  all 
major  covmtries  as  a  basis  for  the  protection  of  the 
public,  and  especially  workers  exposed  to  higher 
levels  of  radiation,  from  all  sources  of  radiation. 

The  UNSCEAR  was  set  up  by  the  General  .\s- 
.semblyof  the  United  Nations  in  1955  and  reports  to 
the  International  .Moinic  Energy  .\genc\.  It  re- 
views the  levels  of  radiation  from  all  known 
sources  and  considers  the  scientific  evidence  re- 
lated to  the  effects  of  various  dose  levels.  In  the 
United  States,  in  1972.  another  group  of  experts, 
the  Biological  Effects  of  Ionizing  Radiation  Com- 
mittee (BEIR)  was  established  by  the  National 
Academy  of  Sciences. 

It  is  clear  that  the  health  hazards  of  radiation 
from  all  causes  ha\'e  been  subjected  to  intensi\e 
research  for  at  least  twentv-fiye  years  and  to  other 
studies  for  many  years  before  that.  The  level  of 
confidence  in  the  radiation  standards  that  ha%e 
been  recommendetl  and  adopted  should,  there- 
fore, be  high.  On  the  other  hand,  the  standards  are 
continually  being  challengetl.  which  is  a  very 
healtln  sign. 

The  ICRP  has  reconuneiuled  that  the  total  do.se 
to  the  general  population  from  all  sources  of  radio- 
activity, additional  to  the  natural  background  and 
to  medical  diagnostic  exposures.  shouKl  l>e  limited 
to  5  rems  per  person  per  generation  >(>  \ ears'. 
.\yeraged  over  thirty  years,  this  amounts  to  a  limit 
of  170  millirems  per  person  per  year.  Manv  author- 
ities Kinsider  this  rale  to  be  much  Itw  hi<:h  —  and 
argiie  that  if  the  wlnile  population  wereexjvised  to 
this  additional  level  of  radiation,  sulistantial  health 
damage  \\  (miKI  be  expected. 
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In  reality,  the  average  exposure  of  the  popula- 
tion should  never  reach  that  level,  assuming  that 
the  regulations  governing  the  maximum  radiation 
levels  at  the  boundary  of  each  nuclear  generating 
station  are  strictly  followed.  In  Canada,  for  exam- 
ple, the  maximum  whole-body  dose  for  a  person  at 
the  station  boundary  is  limited  to  500  millirems  per 
year  by  the  Canadian  Atomic  Energy  Control 
Board  regulations.  The  allowable  doses  for  nuclear 
workers  in  Canada  is  ten  times  higher  than  the  gen- 
eral population  level  and  is  set  at  a  maximum  of  5 
rem  per  year. 

Furthermore,  the  total  exposure  of  the  "popu- 
lation as  a  whole"  is  limited  to  10^  man-rem  per 
year.  The  major  dose  to  which  this  total  population 
would  be  exposed  would,  of  course,  occur  within 
about  five  miles  of  the  generating  station  boundary. 

Under  accident  conditions,  the  allowable  dose 
at  the  site  boundary  may  be  appreciably  larger 
than  the  standard  dose.  In  Canada,  under  extreme 
accident  conditions  the  maximum  individual  dose 
at  the  site  boundary  must  be  limited  to  25  rem  and 
the  integrated  all-body  population  exposure  must 
be  limited  to  10"*  man-rem.  The  radiation  stan- 
dards, recommended  by  the  ICRP  for  the  exposure 
of  nuclear  workers  and  the  public  to  ionizing  radia- 
tion are  given  below.  Under  normal  operating  con- 
ditions, the  historic  releases  of  radioactivity  at  On- 
tario Hydro  plants  has  generally  been  less  than  1 
per  cent  of  the  limits  set  by  the  AECB. 


Standards  for  exposure  to  ionizing  radiation  (1977) 
—  rcms  per  year 

Gonads  and  bone  marrow 

Nuclear  workers  5 

Public  0.5 
Skin,  thyroid,  bone 

Nuclear  workers  30 

Public  3 
Hands,  feet 

Nuclear  workers  75 

Public  7.5 
All  other  organs 

Nuclear  workers  15 

Public  1.5 
Source:  Based  on  data  from  ICRP. 

Postscript 

Some  health  physicists  regard  the  5  rem  per  year 
dose  limit  for  nuclear  workers  to  be  much  too  high. 
Professor  Edward  Radford  of  the  Graduate  School 
of  Public  Health,  at  the  University  of  Pittsburgh 
has  advocated  a  reduction  of  the  5  rems  limit  to  0.5 
rem.  However,  he  considers  that,  in  certain  special 
circumstances,  the  limit  might  be  increased  on  an 
individual  basis,  although  never  to  more  than  5 
rems  per  year.  Professor  Radford,  who  is  chairman 
of  the  BEIR  Committee,  has  pointed  out  that  "a 
worker  exposed  to  5  rem  annually  for  30  years  is  at 
about  twice  the  risk  of  cancer  as  a  person  not  ex- 
posed." It  is  clear  that  much  more  work  is  needed 
on  the  risk  implications  of  exposure  to  radiation.  In 
the  meanwhile  we  strongly  endorse  the  view  that 
the  exposure  levels  to  which  workers  are  subjected 
should  be  reduced  to  an  absolute  minimum. 


Annex  E 

The  Non-Nuclear  Options  for  Ontario 


The  province's  electric  power  system  is  based  on  a 
diversity  of  generation  technologies  —  hydroelec- 
tric, fossil-fiielled  (coal,  oil  and  natural  gas)  and 
nuclear  generating  stations.  Since  the  beginning  of 
the  century  the  system  has  been  evolutionary  and  it 
continues  to  be  so.  Ontario's  future  commitment  to 
nuclear  power  should,  of  course,  be  viewed  in  the 
light  of  what  we  have  called  the  "non-nuclear  op- 
tions". Although  we  cannot  do  the  subject  justice  in 
an  Annex  (it  will  be  treated  in  depth  in  our  final 
report),  we  believe  it  is  important  to  give  some 
indication  of  the  state  of  the  art  with  respect  to  the 
most  important  of  these  options. 

Anticipated  shortages  of  oil  and  natural  gas, 
probably  before  the  turn  of  the  century,  and  the 
inevitability  of  long  lead  times  in  the  development 
of  viable  replacements  on  an  adequate  scale,  have 
led  us  to  conclude  that  the  province's  indigenous 
re.sources  could  be  particularly  significant  in  re- 
ducing our  reliance  on  oil.  VV' e  review  some  of  the 
options  below. 

Hydraulic  Systems 

Hydroelectric  power  has  played  and  continues  to 
play  a  central  role  in  the  generation  of  electricity  in 
Ontario.  After  the  success  of  the  Niagara  Falls  hy- 
droelectric project  at  the  beginning  of  the  centurv, 
a  series  of  major  developments  have  harnessed  all 
the  major  rivers  in  Southern  Ontario;  at  present, 
the  province  has  about  7000  MW  of  installed  hy- 
draulic generating  capacity,'  of  which  roughly  40 
percent  is  u.sed  to  meet  base  load  requirements. 

Potential  hydroelectric  developments,  of 
greater  than  10  MW  installed  capacitw  are  esti- 
mated at  about  3600  average  annual  MW."  But  a 
major  portion  of  this  hydraulic  power  potential  is 
located  in  Northern  Ontario.  For  cultural,  environ- 
mental and  economic  reasons,  it  is  not  anticipated 
that  the  potential  of  the  .\lbanv,  Severn,  and 
Winisk  river  systems  will  be  developed  during  the 
ne.\t  twenty  years.  However,  even  without  the 


development  of  these  river  systems,  a  significant 
amount  of  electricity  could  be  produced  from  the 
Moose  River  system  and  from  extensions  to  existing 
facilities.  Preliminary  results  of  a  recently  com- 
pleted Ontario  Hydro  study  of  suitable  sites  sug- 
gest that  roughly  1650  MW  of  installed  capacity 
could  be  made  available  between  1982  and  1994.^ 
Through  the  installation  of  new  turbines,  race- 
ways, for  example,  Ontario  Hydro  is  already  up- 
grading .several  existing  hydroelectric  stations. 
W'hen  completed,  approximately  2(K)  MU'  of  in- 
stalled capacity  will  be  added. ' 

Small  scale  hydraulic  generation  of  electricity 
in  Ontario  is  a  substantial  and  usually  environmen- 
tally acceptable  renewable  energ\  source.  .\  num- 
ber of  potential  sites  exist  throughout  thepro\ince. 
For  example,  about  470  sites,  originally  de\eloped 
to  generate  mechanical  and  electric  power,  were 
removed  from  service  in  recent  years  because  of 
high  operating  and  maintenance  costs.  Some  of 
these  sites  could  be  recommissioned.  .\n  additional 
500  sites  remain  undeveloped;  indeed.  Ontario 
Hydro  has  estimated  that  these  sites  could  deliver 
approximately  700  average  annual  MW  .  However, 
the  utility  maintains  that  the  major  portion  of  this 
potential  will  remain  undeveloped  because  of  rec- 
reational and  tourism  interests  and.  in  some  in- 
stances, becau.se  of  technical  or  enyironmental 
difficulties.^ 

Given  adecjuate  incentives,  it  is  re;isonable  to 
expect  the  private  sector  to  take  an  interest  in  this 
hydraulic  resource  potential.  In  the  United  States, 
for  instance,  the  Department  of  Energy  is  spoasor- 
ing  a  Low  Head  Hydro  Power  Program  to  assist 
and  encoiuage  the  private  and  non-federal  public 
sectors  to  develop  h\  droelectric  resourc-es  at  suit- 
able existing  dam  sites,  with  emphasis  on  those 
sites  with  a  capacitN  of  between  r>0  kilowatts  and 
15  megawatts."  .Vnolher  objective  of  the  Dep,irt- 
ment  is  to  encourage  utilitie.s  to  install  hydroelec- 
tric generators  at  new  dam  sites  suitable  for  low 
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head  hydroelectric  power  produclion.  In  Ontario, 
assuming  rehabilitation  of  some  decommissioned 
small-scale  hydroelectric  generating  sites  and  the 
development  of  some  new  sites,  a  significant 
amount  of  electricity  could  he  obtained  by  pursu- 
ing a  similar  approach.  Ontario  Hydro  is  already 
working  closely  with  the  native  peoples  of  North- 
ern Ontario,  through  Grand  Council  Treaty  Num- 
ber 9,  to  develop  100  to  200  kW  hydraulic  turbines 
for  use  in  remote  locations. 

Further  development  of  hydraulic  potential 
may  result  from  the  initiative  of  some  industries. 
One  example  is  the  proposal  by  INCO  Metals 
Company  to  develop  80  to  120  MW  of  hydroelec- 
tric capacity  on  the  Spanish  River."  The  INCO  pro- 
gramme would  reduce  demand  on  the  provincial 
power  grid  and  allow  greater  resilience  for  both 
the  industry  and  the  utility  system.  Many  indus- 
tries feel  that  there  will  be  a  trend  towards  the 
utilization  of  small  scale  hydroelectric  projects 
because  they  offer  reliable  power  supplies.  Hy- 
draulic generation  may  also  supply  both  base  load 
and  peak  load  requirements. 

Coal 

The  increased  utilization  of  Canada's  coal  re- 
sources will  play  an  essential  role  in  Ontario's  en- 
ergy future.  This  will  necessitate,  for  example,  the 
development  of  more  elaborate  coal  transportation 
systems  including  coal  slurry  pipelines  and  unit 
trains.  In  the  past,  dependence  on  coal  has  given 
rise  to  a  number  of  environmental  hazards.  How- 
ever, technologies  are  available  which  will  reduce 
the  potential  harmful  effects  of  coal  fuels.  These 
include  fluidized  bed  combustion,  coal  liquefac- 
tion, coal  gasification,  and  new  combustion  systems 
employing  a  variety  of  fuels  in  combination  with 
coal.  Furthermore,  new  ways  of  controlling  emis- 
sions have  been  developed  and  may  play  a  key  role 
in  certain  parts  of  the  province,  especially  near 
heavily  populated  areas.* 

Energy,  Mines  and  Resources  Canada  has  esti- 
mated that  total  Canadian  coal  production  will  be 
118.1  million  tons  (107.1  metric  tonnes)  annually 
by  1990."  Ontario's  only  known  coal  resource  is  the 
Onakawana  lignite  deposit  in  Northern  Ontario 
with  estimated  reserves  of  up  to  200  million 
tonnes.  The  coal  alternative  for  Ontario  implies  a 


careful  examination  of  the  economics  of  importing 
coal  into  the  province  as  well  as  an  analysis  of  min- 
ing and  transportation  costs  associated  with  the  uti- 
lization of  the  province's  indigenous  supply.  The 
social  and  environmental  implications  of  a  possible 
development  of  the  Onakawana  lignite  reserves  is 
at  present  being  studied  by  the  Royal  Commission 
on  the  Northern  Environment. 

Oil  and  Natural  Gas 

Oil  and  natural  gas  are  major  Canadian  resources 
and  are  likely  to  remain  so  for  at  least  the  next  fifty 
years,  if  we  assume  large  scale  development  of  the 
tar  sands  and  offshore  deposits.  Although  Ontario 
Hydro  is  not  anticipating  increased  use  of  oil  and 
natural  gas  in  bulk  power  generation,  these  re- 
sources will  clearly  play  an  important  part  in  On- 
tario's overall  energy  policy,  thereby  affecting  the 
demand  for  electricity. 

Energy  from  Biomass 

Potential  sources  of  biomass  suitable  for  energy 
conversion  include  forest  industry  wastes,  agricul- 
tural wastes,  municipal  solid  wastes,  and  peat,  as 
well  as  forests  dedicated  to  energy  production.  The 
idea  of  utilizing  wood  and  biomass  as  a  source  of 
energy  is  not  new.  What  is  new  is  the  recognition 
of  the  vast  potential  of  wood  energy,  resulting  from 
the  development  of  new  tree  species  and  new 
transportation,  handling,  and  combustion 
techniques. 

In  a  brief  to  the  Commission,  Fisheries  and 
Environment  Canada  stated  that: 

In  Ontario,  198,636,000  acres  (79,454,400  hec- 
tares) of  land  are  classified  as  forested.  Of  this 
60,703,000  acres  (24,281,200  hectares)  are  avail- 
able for  the  production  of  forest  products.  If  an 
intensive  energy  forest  programme  were  initi- 
ated, it  is  reasonable  to  assume  that  6,070,300 
acres  (2,428,120  hectares)  or  10  per  cent  of  this 
land  could  provide  enough  biomass  for  approx- 
imately 10,000  MW  of  installed  generating  ca- 
pacity or  4  billion  gallons  of  methanol.'" 

The  brief  argues  that,  simply  by  using  wood  resi- 
dues with  current  technologv,  enough  fuel  exists 
now  in  Ontario  to  supply  fifty  power  stations  of  50 
MW  capacitv.  Although  these  estimates  may  be 
somewhat  optimistic,  trees  and  plants  are  renew- 
able resources  and  consitute  a  viable  alternative 
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energy  source.  Of  special  interest  is  the  fact  that 
the  Ontario  Ministry  of  Natural  Resources  has  de- 
veloped a  new  species  of  hybrid  poplar  which  can 
be  grown  quickly,  harvested,  and  used  to  fuel  ther- 
mal electric  generating  stations.  Experiments  are 
now  under  way  to  determine  if  large  scale  planta- 
tions of  this  hybrid  poplar,  dedicated  solely  to  use 
as  fuel  for  electric  generating  stations,  would  be 
viable.  A  feasibility  study  undertaken  for  the  Com- 
mission by  consultants  concludes  that,  through  the 
acquisition  of  abandoned  Eastern  Ontario  farm- 
land, enough  trees  could  be  grown  to  fuel  16fK) 
MW  of  wood-fired  generating  capacity  by  1995." 
The  utilization  of  dedicated  forest  potential  is  a 
longer  term  option  for  Ontario  requiring  fifteen  to 
twenty  years  development.  Further  studies  now 
under  way  will  be  reviewed  in  the  Commission's 
final  report.'' 

On  a  smaller  scale,  some  industries  could  use 
wood  wastes  to  supply  a  large  portion  of  their  total 
energy  re(juirements.  The  pulp  and  paper  indus- 
try, for  example,  the  largest  energy  consumer  in 
Canada's  industrial  sector,  consumes  almost  14  per 
cent  of  the  electricity  used  l)y  the  industrial  sector 
in  Ontario.  It  is  un(|uestionabIy  in  a  strong  position 
to  capitalize  on  bioma.ss  energy,  not  least  because 
about  one-third  of  the  wood  harvested  for  pulp, 
paper,  and  lumber  production  is  left  as  mil!  wastes. 
Combustion  of  these  wastes  could  provide  low 
grade  heat  or  steam  for  use  within  the  industrial 
plant  process,  and  could  be  coupled  with  electric- 
ity generation,  either  for  internal  use  or  for  sale  to 
the  provincial  electrical  grid.  This  concept  is  not 
merely  wishful  thinking  on  the  part  of  "amateurs  "; 
at  least  one  major  forest  |irodu(ts  companv  in  On- 
tario is  enthusiastic  about  it  and  has  used  it  for  sev- 
eral years.  Indeed  the  majority  of  pulp  and  paper 
companies,  becau.se  of  escalating  prices  of  oil  and 
electricity,  are  demonstrating  that  the  day  when 
they  will  be  essentially  energy  self-sufficient  may 
not  be  far  off  (perhaps  within  fifteen  to  twenty 
years). 

Garbage  and  organic  wastes  provide  another 
source  of  biomass  energy.  The  "Watts  from 
Waste"  project  being  undertaken  jointly  by  On- 
tario IKdro  and  Metropolitan  Toninlo  is  an  exam- 
ple ol  one  scheme  to  conyert  combustible  munici- 
pal wastes  to  useful  energy.  Several  major  I'.S. 


cities  are  already  converting  a  high  percentage  of 
their  coml)ustible  mimicipal  waste  as  well  as  recy- 
cling the  glass  and  ferrous  metal  components.  This 
approach  to  energy  conservation  is  clearlv  worthy 
of  in-depth  study,  not  least  as  a  means  of  dealing 
with  the  municipal  waste  disposal  prol)lern.  In 
addition,  some  of  the  organic  wastes  produced  on 
Ontario  farms  could  provide  a  significant  fuel  for 
energy  conversion.  Organic  waste  matter  ferments 
to  produce  combustible  gases  (e.g.  methane'  which 
can  be  used  as  gaseous  or  li(jiud  fuel. 

There  are  other  biomass  possibilities,  such  as 
the  production  of  ethanol  and  methanol,  which  are 
being  used  in  some  countries  as  gasoline  additives. 
However,  the.se  are  long  term  prospects  and  are 
unlikely  to  have  much  impact  in  Ontario  before 
t  he  end  of  the  century. 

Solar  Eiiergv 

.\  number  of  estimates  have  been  made  of  the  po- 
tential penetration  of  solar  heating  systems  in  On- 
tario; these  range  from  .3  per  cent  of  total  energy  to 
an  overly  optimistic  10  per  cent  b\-  the  year  2(X)0.'^ 
Depending  upon  government  incentives  it  is  possi- 
ble that  approximately  half  of  all  new  dwellings  in 
Ontario  could  have  "active"  solar  space  heating  In 
the  year  2()(X),  and  that  the  remainder  would  capi- 
talize on  "passive  solar  heat.  How e\er,  e\en  w  ith 
a  significant  degree  of  solar  utilization  in  the  com- 
mercial and  industrial  sectors,  the  Commission  an- 
ticipates that  solar  energy  will  contribute  no  more 
than  3  to  5  per  cent  of  total  ener<i\-  reijuired  In  the 
year  2000. 

\\  ind  Eiierg>- 

During  the  information  anil  debate  statje  hearincs 
there  were  many  references  to  the  potential  of 
\\  ind  energy  generators  for  the  generation  of  elec- 
tricity. Hmyeyer,  with  the  {xissible  exception  of 
certain  locations  in  Northern  Ontario,  the  stxi[^>e 
for  wind  energy  in  Ontario  is  not  particularU 
promising  because  the  average  wind  Nelixities  in 
most  locations  are  bel(n\  those  regarded  as  m.ir- 
ginal  for  the  exlensi\  e  use  of  this  source  of  energA'. 
Nevertheless,  research  and  de\elopment  pro- 
grammes are  being  continueil. 
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Other  Technologies 

There  are  many  other  potential  energy  eonversion 
technologies  that  may  become  viable  for  Ontario 
after  the  turn  of  the  century.  Noteworthy  are  solar 
photovoltaic  and  chemical  conversion,  fusion 
power,  and  magnetohydrodynamics.  A  major  ob- 
stacle to  their  development  at  this  time  is  a  materi- 
als problem.  The  Commission  supports  further  re- 
search and  development  into  these  important 
future  energy  resources. 

In  addition,  there  are  a  number  of  technologies 
which  can  be  used  to  increase  efficient  utilization 
of  existing  energy  supplies.  Co-generation,  energy 
storage  systems,  and  the  heat  pump,  to  name  a  few, 
are  examples  of  technologies  which  are  currently 
applicable  to  Ontario. 

Co-generation 

The  co-generation  of  thermal  energy  —  in  the  form 
of  process  steam  for  industry  or  hot  water  for  dis- 
trict heating  —  as  well  as  electricity,  is  in  wide  use 
in  various  European  countries.  As  an  energy  con- 
version process,  it  is  about  twice  as  efficient  as  ei- 
ther conventional  nuclear  or  fossil-fuelled  electric 
power  generation.  Possible  primary  fuels  are  natu- 
ral gas,  oil,  coal,  wood,  and  municipal  wastes.  A  co- 
generation  plant  could  be  based  on  gas  turbines, 
fluidized  f)ed  combustion,  and  coal-wood  fuelled 
boilers.  One  major  Ontario  chemical  company  has 
been  pioneering  the  use  of  co-generation  for  sev- 
eral years,  but  to  date  this  process  has  not  been 
developed  on  a  broad  commercial  basis, '^  although 
this  situation  is  rapidly  changing  as  both  industries 
and  governments  realize  the  importance  of  max- 
imizing efficient  utilization  of  conventional  fuel 
supplies. 

Capacity  Management  —  Energy  Storage 
Systems 

Energy  storage  systems  can  l)e  used  by  an  electric 


utility  to  reduce  its  requirements  for  on-line  capac- 
ity or  to  lower  its  need  to  employ  higher  cost  units 
to  meet  peaks  in  demand.  There  are  a  number  of 
approaches  to  retaining  energy  for  electric  genera- 
tion, including:  pumped  hydraulic,  compressed 
air,  fly-wheel,  thermal,  battery,  chemical,  and  su- 
per conducting  magnetic  storage.  To  assess  the 
potential  for  energy  storage,  a  utility  must  deter- 
mine the  amount  of  off-peak  energy  that  could  be 
available  for  charging  energy  storage  devices,  as 
well  as  the  amount  of  on-peak  energy  that  can  be 
supported  bv  the  stored  energy.  Above-ground 
pumped  storage  at  the  Sir  Adam  Beck  station  on 
the  Niagara  River  is  the  only  large  scale  energy 
storage  method  now  used  by  Ontario  Hydro.  We 
have  concluded  that  to  optimize  the  utilization  of 
Ontario's  energy  resources,  the  province  should 
encourage  the  development  of  additional  energy 
storage  technologies  where  applicable. 

Heat  Pumps 

The  principle  of  the  heat  pump  has  been  known 
for  many  years.  In  effect,  a  heat  pump  operates  on 
the  same  general  principle  as  the  domestic  refrig- 
erator. During  the  summer  months,  for  example,  a 
heat  pump  can  operate  as  an  air-conditioner.  Dur- 
ing the  winter  months  a  heat  pump  extracts  heat 
from  a  large  space  (this  is  always  low  quality  ther- 
mal energy)  and  injects  the  thermal  energy  into  the 
space  to  be  heated.  If  the  ambient  temperature  is  in 
the  range  of  about  -4°C  to  16"C,  commercially 
available  heat  pumps  can  improve  the  efficiency  of 
an  electric  heating  supply  by  at  least  50  per  cent. 
However,  a  heat  pump  particularly  suitable  for 
winter  conditions  in  Ontario  could  be  designed  to 
operate  with  appreciably  lower  ambient  tempera- 
tures, providing  further  gains  in  efficiency.  Ob- 
viously, capital  is  required  to  purchase  and  install 
heat  pumps  but  in  the  longer  term  (five  to  ten 
years),  because  of  savings  in  electric  energy  utili- 
zation, the  system  would  be  economically  viable. 


Annex  F 

Reprocessing  and  Disposal  Options 


Reprocessing  option 


Finiil  disposal  options 


On  sllr 

Spent  Kiicl 

Storaije 


Hctiic\,ilili 
I-'acilit\ 


liiiinol)lli/'atioii 


liiiiiU)hilr/,iti(  II    1 

and               1 

I'Ina 

1  I) 

1 

sposal     1 

1       lUprotcssini; 

A(l\  .UKllI 

liK-l  Cm  I.' 


'// 


Annex  C 


Statu.s  of  Power  Reactor  Licensing  in  Ontario 


Facility  Name 
Licensee 

Type  and 
Capacity 

Status  and 
Remarks 

NDP  Generating 

Station,  Rolphton, 

Ontario 

(Ontario  Hydro  and 

AECL) 

Douglas  Point 
Generating  Station, 
Tiverton,  Ontario 
(Ontario  Hydro  and 
AECL) 

Pickering  Generating 
Station  "A", 
Pickering,  Ontario 
(Ontario  Hydro) 

Bruce  Generating 
Station  "A", 
Tiverton,  Ontario 
(Ontario  Hydro) 

Pickering  "B", 
Pickering,  Ontario 
(Ontario  Hydro' 

Bruce  "B",  Tiverton, 

Ontario 

(Ontario  Hydro) 

Darlington 
(Ontario  Hydro) 

CANDU-PHW 

20  inw(e) 

CANDU-PHW 

200  n)w(e) 

CANDU-PHW 
4  X  500  inw(e) 

CANDU-PHW 

4  X  750  inw(e) 

CANDU-PHW 

4  X  5(M)  niw(e) 

CANDU-PHW 
4  X  750  niw(e) 

CANDU  PHW 
4  X  850  niw(e) 

Started  up  1962.  Licence  duration  May  29,  1978  to  June 
30,  198.3.  Licenced  for  full  power  operations.  New 
arrangement  for  the  calandria  spray  cooling  circuit 
installe<l  in  1977.  .\dditional  design  changes  to  increase 
the  effectiveness  of  Emergency  Core  Cooling  System  are 
being  implemented  or  are  under  review. 

Started  up  1966.  Licence  duration  July  5.  1977  to  June 
10,  1982.  Operating  licence:  on  March  25,  1977,  derated 
to  70  percent  of  full  power  pending  completion  of 
modifications  to  the  Emergency  Core  Cooling  System. 

Started  up  1971.  Licence  duration  June  30,  1977  to  June 
30,  1982.  Operating  licence:  operating  at  full  f)Ower  with 
additional  operating  procedures  in  effect  relating  to  the 
Emergency  Core  Cooling  System.  These  procedures  will 
be  replaced  with  design  changes  currently  being  installed 
on  the  four  reactors. 

Units  1  and  2  started  up  1976;  tmit  3  in  1977.  Licence 

duration  Novemlxjr  21,  1977  to  September  30,  1978. 

Operating  licence:  operating  at  88  percent  of  design  full 

thermal  power  (producing  100  percent  of  rated  electrical 

power). 

Unit  4  under  construction.  Constniction  licence  dated 

November  21,  1977. 

Constniction  licence  1974.  Start-up  expec-ted  1981. 
Undergoing  a  review  to  insure  that  overall  regvilaton 
requirements  are  to  be  met. 

Construction  licence  1975.  Start-up  expected  1983. 
I'ndergoing  a  re\iew  to  iasure  that  overall  regiilalorx 
requirements  are  to  l)e  met. 

Site  approval  granti-d  June  9.  1975.  CoiLstniction  licence 
application  being  prepared  for  .\tomic  Energy  Control 
Board.  Public  inform.ition  progranmie  underway.  .Start-up 
expjtti-d  1986.  Undergoing  a  review  to  insure  that 
overall  reg\ilatory  reqiiirnients  arc  to  Ik-  met. 
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Glossary 


Actinidc  -  Heavy  elements  with  an  atomic  number 
greater  than  89.  The  series  includes,  actiniiun,  tho- 
rium, protactinium,  uranium,  neptunium,  phito- 
nium,  americium,  curium,  berkelium  and  cali- 
fornium, all  of  which  are  chemically  very  similar; 
actinides  of  interest  are  those  which  are  long  half-life 
alpha-emitters. 

AECB  (Atomic  Energy  Control  Board)  -  Federal  gov- 
ernment body  that  regulates  the  use  of  atomic  energy 
in  Canada.  ( Licensing  body.) 

AECL  (Atomic  Energy  of  Canada  Limited)  -  Crown 
Corporation  involved  in  research,  development  and 
demonstration  of  nuclear  energy  in  Canada. 

Alpha  particle  -  A  heavy  particle  produced  by  a  radio- 
active decay  process  and  in  various  nuclear  reactions. 
It  consists  of  two  protons  and  two  neutrons  and  thus 
carries  two  positive  charges.  It  is  identical  with  the 
nucleus  of  a  helium  atom. 

Atom  -  The  basic  building  block  of  all  substances, 
which  cannot  be  broken  down  further  by  chemical 
means.  Each  has  a  nucleus  .surroimded  by  one  or 
more  orbital  electrons.  Each  element  has  its  own  dis- 
tinctive arrangement  of  electrons  and  protons  in  its 
atom. 

Atomic  number  -  Tlie  number  of  protons  in  the  nucleus 
of  an  atom.  Each  element  has  its  own  distinctive 
atomic  number. 

Background  radiation  -  The  natural  ionizing  radiation 
of  man's  environment  including  cosmic  ravs  from 
outer  space,  naturally  radioactive  elements  in  the 
ground,  and  naturally  radioactive  elements  in  a  per- 
.son'sbodv. 

Base  load  -  (Jcneration  capacity  that  is  re(juired  most 
of  the  time,  independent  of  peaking,  etc.  In  Ontario 
the  base  load  is  generated  maiiilv  U\  hydraulic  and 
luiclear  sources.  Ontario  Hydro  defines  base  load  as 
that  load  which  is  met  by  generating  stations  operat- 
ing at  a  capacity  factor  of  55%  or  more  on  an  annual 
basis. 

Beta  particle  -  A  light  particle  produced  in  in.iin  nu- 
clear reactions  and  in  radioac'tive  decay  processes.  It 
ntay  carry  a  negative  or  positive  charge,  but  in  com- 
mon usage  the  term  refers  lo  the  negatively  charged 
particles,  whicharc  identical  loclccttoiis 


Biomass  energy  -  Energy  fixed  in  organic  matter  by 
photos\rithesis  —  e.g.,  burning  wood,  algae,  agricul- 
tural bioiiKLSs. 

Bituminous  coal  -  A  high-quality  coal  with  a  high  per- 
centage of  pure  carbon,  low  ash  and  low  moisture 
content,  with  a  heat  content  of  approximately  II,- 
(MK)-1.3,(XK)Btu/lb. 

Boiling  Water  Reactor  (BVVR)  -  .A  nuclear  power  reac- 
tor cooled  and  moderated  by  light  water.  The  water 
is  allowed  to  boil  in  the  core  to  generate  steam  which 
passes  directly  to  the  turbine. 

Breeder  reactor  -  A  type  of  reactor  in  which  the  num- 
ber of  fi.ssile  nuclei  produced  (bred)  from  fertile  nu- 
clides is  greater  than  the  number  of  fissile  nuclei  con- 
currently destroyed.  The  type  of  breeder  reactor 
currently  being  developed  produces  plutonium-2.39 
derived  from  uranium-2.38,  while  consuming  pluto- 
nium-2.39 and  uranium-2.35. 

Btu  (British  thermal  unit)  -  .^  standard  unit  of  heat  used 
in  mea.suring  the  available  heat  energy'  of  fuels. 

Burn-up  -  A  mea.sure  of  the  (juantity  of  energy  that  h;is 
been  obtained  from  a  sample  of  nuclear  fuel  in  a  reac- 
tor core.  It  also  determines  the  (juantity  of  fission 
products  produced  and  hence  influences  the  level  of 
radioactivity  of  the  spent  fuel.  Burn-up  is  usualK 
measured  in  units  of  megawatt-days  per  tonne  of 
fuel. 

Calandria  -  A  cylindrical  reactor  vessel  that  contains 
the  heavy  water  moderator.  Hundreds  of  tul>es  ex- 
tend from  one  end  of  the  calandria  to  the  other,  con- 
taining the  uranium  fuel  and  the  pres,surized  high 
temperature  coolant.  The  reactor  core  consists  of  all 
of  the  components  within  the  calandria. 

CANDU  -  .\  Canadian-developed  nuclear  power  reac- 
tor system.  The  name  is  derived  from  C.VNada  Deu- 
terium Uranium,  indicating  th.il  the  motlerator  is 
deuterium  or  hea%y  water  and  the  fuel  is  natural  ura- 
nium. Pressure  lulies  containing  the  fuel  and  cxxilant 
nm  the  length  of  the  reactor  yes.sel  or  calandria. 

Capacity  factor  -  The  ratio  of  the  .imount  of  electrical 
energ\'  actually  generateil  b\  a  power  station  in  a 
given  period  to  the  amount  of  electricity  which 
would  have  Itccn  generated  if  the  power  >^t  ■' —  '-  -I 
Ihh^u  operating  at  full  capacil\  throu^ 
period. 


215 


216 
A  RACE  AGAINST  TIME 


Chain  reaction  -  A  reaction  that  initiates  its  own 
repetition. 

China  syndrome  -  Possible  consequence  of  core  melt- 
down, when  a  molten  mass  of  intensely  radioactive 
material  plummets  through  vessel  and  containment 
and  into  the  earth  beneath  in  the  direction  of  China 
(unless  the  reactor  is  in,  say,  Japan). 

Coal  gas  -  A  form  of  natural  gas  produced  from  coal.  It 
has  a  low  Btu  content. 

Commercial  in-service  date  -  The  date  at  which  a  new 
unit  has  completed  its  testing  and  is  turned  over  to 
the  operators  for  normal  system  operation. 

Committed  -  A  committed  project  is  one  which  has 
been  authorized  and  for  which  a  release  has  been 
issued  for  work  on  final  design,  acquisition  and 
construction. 

Common-mode  failures  -  A  failure  of  two  or  mor6  com- 
ponents due  to  an  identical  fault  in  each  component. 

Containment  -  The  structures,  within  and  including 
the  reactor  building,  designed  to  prevent  any  mate- 
rial that  may  escape  from  the  reactor  itself  from 
reaching  the  outside  environment.  The  reactor  con- 
tainment u.sually  consists  of  steel  and  thick  concrete. 

Contamination  -  Radioactivity  where  it  should  not  be. 

Control  rod  -  Rod  of  neutron-absorbing  material  in- 
serted into  reactor  core  to  soak  up  neutrons  and  shut 
ofFor  reduce  rate  of  fission  reaction. 

Conversion  ratio  -  Number  of  fertile  nuclei  converted 
to  fissile,  compared  to  number  of  fissile  nuclei  lost  by 
undergoing  fission. 

Coolant  -  A  liquid  or  gas  circulated  through  the  core  of 
a  reactor  to  extract  the  heat  of  the  fi.ssion  process. 

Core  -  The  central  part  of  a  nuclear  reactor  containing 
the  fuel  rods,  moderator  and  control  rods.  The  nu- 
clear fission  reactions  take  place  and  the  resultant 
heat  is  generated  within  the  core. 

Cost-benefit  analysis  -  A  technique  that  attempts  to  set 
out  and  evaluate  the  .social  costs  and  social  benefits  of 
projects  to  help  decide  whether  the  project  should  be 
undertaken.  The  essential  difference  l^etween  cost- 
benefit  analysis  and  ordinary  investment  appraisal 
methods  is  the  stress  on  .social  costs  and  benefits. 

Critical  -  Refers  to  a  chain  reaction  in  which  the  total 
number  of  neutrons  in  one  'generation'  of  a  chain 
reaction  is  the  same  as  the  total  number  of  neutrons 
in  the  next  'generation'  of  the  chain;  that  is,  a  system 
in  which  the  neutron  density  is  neither  increasing  nor 
decreasing. 

Critical  mass  -  The  minimum  amount  of  fissile  material 
needed  to  sustain  a  chain  reaction.  It  depends  on  the 


geometry  and  enrichment  of  the  material  and  the 
presence  of  a  moderator. 

Criticality  -  The  instantaneous  condition  when  a  suf- 
ficient mass  of  a  fissile  material  assembled  in  the  right 
shape  and  concentration  begins  a  self-sustaining 
chain  reaction. 

Cross-linked  failures  -  Coincident  or  overlapping  fail- 
ures of  systems  due  to  failures  of  shared  .supply  sys- 
tems or  control  systems,  etc. 

Curie  -  Measure  of  the  rate  at  which  radioactive  mate- 
rial disintegrates,  which  correspond  to  37,000  mil- 
lion radioactive  emissions  per  second:  radioactivity 
of  1  gram  of  radium. 

Daughter/Daughter  product  -  The  substance  into 
which  a  radioactive  nucleus  transforms  itself  by  ra- 
dioactive decay. 

Decay  -  The  decrease  in  activity  of  a  radioactive  mate- 
rial as  it  spontaneously  transforms  from  one  nuclide 
to  another  or  into  a  different  energy  state  of  the  same 
nuclide. 

Decay  heat  -  Heat  generated  by  radioactivity  in  the 
fuel  of  an  operating  reactor;  additional  to  heat  from 
chain  reaction,  and  cannot  be  shut  off. 

Decontamination  -  Transfer  of  unwanted  radioactiv- 
ity to  a  less  undesirable  location. 

Demand  -  The  amount  of  electric  power  or  energy 
consumed  by  customers.  See  Load. 

Demand-elasticity  -  A  measure  of  the  degree  to  which 
consumption  of  a  good  or  service  changes  with  a 
change  in  its  price  or  with  a  change  in  the  income  of 
potential  consumers  or  with  a  change  in  the  price  of 
substitute  goods  and  services. 

Depreciation  -  An  annual  charge  that  recovers  the 
original  cost  of  a  capital  facility  over  its  estimated 
useful  service  lives  in  a  systematic  manner. 

Deuterium  -  An  isotope  of  hydrogen  containing  one 
proton  and  one  neutron  in  the  nucleus.  Chemically  it 
is  similar  to  hydrogen  but  it  has  different  physical  and 
nuclear  properties.  Its  natural  abundance  is  about 
one  part  in  7,000  of  hydrogen.  In  the  form  of  heavy 
water  (D20)  it  is  the  most  effective  neutron  modera- 
tor available  for  reactors. 

Discount  rate  -  A  rate  of  interest  representing  the 
time-related  value  of  resources.  It  is  u.sed  to  convert 
costs  that  occur  at  any  given  time  to  equivalent  val- 
ues at  a  specified  time,  for  comparison  purposes. 

Discounted  cash  flow  -  A  method  of  appraising  invest- 
ments based  essentially  on  the  ideas  that  the  value  of 
a  specific  sum  of  money  depends  on  precisely  when  it 
is  to  be  received. 
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Disintegration  -  See  Decay. 

Diversity  -  The  difference  between  the  sum  of  the  non- 
coincident  maximum  demand  of  individual  custom- 
ers and  the  coincident  peak  load  for  the  J^roup. 

Dose  -  Amount  of  energy  delivered  to  a  unit  mass  of  a 
material  by  radiation  travelling  through  it. 

Dose-Rate  -  Time  rate  at  which  radiation  delivers  en- 
ergy to  unit  mass  of  a  material  through  which  it  is 
travelling. 

East  System  -  Ontario  Hydro's  facilities  in  the  area  ly- 
ing roughly  east  of  Wawa. 

Elasticity  of  demand  -  See  Demand-elasticity 

Electric  power  -  Rate  of  transfering  electric  energy, 
expres.sed  in  units  of  kilowatts  or  megawatts. 

Electron  -  Negatively  charged  particle;  much  lighter 
than  proton  or  neutron. 

Energy  demand  -  The  average  power  required  to  sup- 
ply the  load  over  a  stated  interval  of  time. 

Enriched  uranium  -  Uranium  in  which  the  content  of 
the  fi.ssile  isotope,  uranium-235,  is  higher  than  the 
0.71%  normally  found  in  nature.  Low  enriched  ura- 
nium, containing  2-4%  of  uranium-235,  is  used  as  fuel 
in  many  types  of  reactor.  High  enriched  uranium, 
which  may  contain  more  than  90%  uranium-235,  is 
used  as  fuel  in  some  types  of  reactor  and  also  to  make 
nuclear  weapons. 

Equity  -  The  excess  of  a.sscls  over  liabilities.  Ontario 
Hydro's ecjuity  consists  of  funds  provided  by  custom- 
ers in  the  price  payable  for  power,  and  the  contri- 
butions from  the  Province  of  Ontario  as  assistance  for 
rural  construction. 

Escalation  -  The  increase  in  unit  prices  of  equipment, 
material  and  labour  from  one  year  to  the  next. 

Exclusion  area  -  .Xrea  aroimd  a  nuclear  facility  in 
which  no  permanent  habitation  is  allowed. 

Fast  reactor  -  A  type  of  nuclear  reactor  in  which  the 
concentration  of  fissile  nuclei  in  the  fuel  is  so  high 
that  ihe  nuclear  reaction  can  be  sustained  by  fast  (i.e.. 
unmoderated)  neutrons. 

Fertile  material  -  Mat(^rial  that  is  transformed  into  fis- 
sile material  b\  neutron  capture. 

Firm  power  -  Power  available  for  use  by  the  purcha.ser 
on  a  commeriially  continuous  basis. 

Fissile  material  -  Material  thai  u  ill  fission  whcti  struck 
by  a  neutron. 

Fission  -  The  process  by  which  a  nucleus  splits  into  two 
approximatel\e(|ual  fragments  plus  .several  free  neu- 
trons, giving  off  large  amoinits  of  energ\  which  ap- 
pears as  the  ciiergN  of  gamma  radiation  .uul  hcil. 


Fission  occurs  spontaneously  in  certain  heavy  ele- 
ments, but  the  kind  of  fission  making  chain  reactions 
possible  occurs  when  a  fi.ssile  nucleus  absorbs  a 
neutron. 

Forced  outage  -  Outage  caused  by  the  breakdown  or 
loss  of  a  major  .system  component. 

Forward  contract  -  A  contract  signed  now  for  deliverv 
in  th(>  future. 

Fuel  bundle  -  .\n  assembly  of  metal  tubes  containing 
nuclear  fuel  pellets  ready  for  insertion  in  a  reactor. 

Fuel  pellets  -  Uranium  dioxide,  or  other  nuclear  fuel  in 
a  powdered  form,  which  has  been  pressed,  sintered 
and  ground  to  a  c\lindrical  shape  for  insertion  into 
the  sheathing  lubes  of  the  fuel  bundle. 

Fuelling  machine  -  E(|uipment  used  to  load  and  unload 
fuel  bundles.  C.\NDU  fuelling  machines  are  re- 
motely controlled  and  load  the  fuel  while  the  reactor 
is  operating. 

Fuel  sheath  -  Tubing  into  which  fuel  |5cllets  are  in- 
serted and  scaled  to  make  a  fuel  element.  .A  number 
of  elements  are  assembled  to  make  a  fuel  bundle. 

Fusion  -  Short  for  thermonuclear  fusion,  a  t\  pe  of  nu- 
clear reaction  iti  which  two  light  nuclei,  such  ;is  deu- 
terium, fu.se  together  to  form  one  heavier  nucleus,  in 
the  process  releasing  a  large  amount  of  energ\'.  Fu- 
sion reactions  only  take  place  at  exceedingK  high 
temperatures.  Thev  are  the  source  of  the  energs- 
given  off  by  Ihe  sun  and  also  of  most  of  the  energ\' 
releasetl  when  a  h\drogen  bomb  explodes. 

C.amma  ra)  -  .X  form  of  electromagnetic  radiation,  sim- 
ilar to  light  orx-ra\s.  distinguished  In  its  high  energ\. 
high  penetrating  power  and  short  wa\e  length. 
Gamma  radiation  is  emitted  from  mans-  nuclei  when 
thev  are  undergoing  radioactive  decav  and  in  man\ 
other  miclear  reactions. 

(ias-cooled  reactor  -  .\  nuclear  reactor  in  which  a  ga,s. 
.su^h  as  carbon  dioxide,  is  used  ;is  the  coolant. 

Genetic  effects  -  Effects  produced  In  radiation  in  the 
offspring  of  the  person  irradiated,  u.suallv 
malformations. 

Geolhermal  power  -  Recover\'  of  energy  from  .s'ub.sur- 
face  warm  water  supplies  jialuralK  ociurring  gey- 
sers, etc.  1. 

(irid  -  In  the  utilitx'  context,  an  interconnection  of  elec- 
tric circuits. 

(iross  margin  -  The  tlifference  l>et\\een  ilependable 
capacity  and  primar\  demand. 

G\N'e  -  .Mibreviation  for  '"gig-awatt  elec-trical."  One 
GW'e  is  e(|ual  to  one  thou.s.uid  nieijawatts  electrical 
ll(H)OM\Vvc   . 
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Half  life  -  The  time  taken  for  half  the  atoms  of  a  radio- 
active substance  to  disintegrate;  hence  the  time  to 
lose  half  its  radioactive  strength.  Each  radionuclide 
has  a  unique  half  life  ranging  from  a  millionth  of  a 
second  to  billions  of  years. 

Heat  exchanger  -  A  piece  of  apparatus  that  transfers 
heat  from  one  medium  to  another.  A  typical  example 
is  the  steam  generator  in  the  CANDU  system  where 
the  hot  pressurized  heavy  water  coolant  is  used  to 
convert  ordinary  water  into  steam  to  run  the  turbine. 

Heavy  water  -  Water  in  which  the  hydrogen  atoms  are 
the  heavy  hydrogen  isotope,  deuterium.  It  is  some- 
times called  deuterium  oxide  and  occurs  in  natural 
water  to  the  extent  of  about  1  part  in  7000. 

High  level  waste  -  The  most  highly  radioactive  waste 
from  fuel  reprocessing  and  the  nuclear  cycle  coitain- 
ing  most  of  the  fission  products  from  spent  fuel  and 
typically  containing  millions  of  curies  per  cubic 
metre  when  first  separated.  It  also  contains  small 
amounts  of  unseparated  uranium  and  plutonium  plus 
the  greater  proportion  of  the  other  actinides  pro- 
duced in  the  reactor. 

HTGR  -  High  temperature  gas  cooled  reactor. 

Interest  capitalization  -  .\n  accounting  procedure 
whereby  the  cost  of  a  fixed  asset  includes  an  allow- 
ance for  the  u.se  of  funds  employed  during  the  con- 
struction of  the  asset.  Also,  the  amount  credited  to 
the  income  of  the  enterprise  to  offset  the  cost  of  capi- 
tal employed  during  construction. 

Intermediate  level  waste  -  A  somewhat  arbitrary  clas- 
sification of  part  of  the  waste  from  fuel  reprocessing 
and  the  nuclear  cycle  typically  containing  thousands 
of  curies  per  cubic  metre. 

Intermediate  load  -  Load  supplied  by  generating  ca- 
pacity operating  at  annual  capacity  factors  between 

10%  and  55%. 

Iodine  -  As  Iodine-131;  biologically  hazardous  fission 
product  of  short  half-life  (8  days)  which  tends  to  accu- 
mulate in  the  thyroid  gland. 

Ion  -  See  Ionizing  Radiation. 

Ionizing  Radiation  -  Radiation  which,  by  reason  of  its 
nature  and  energy,  interacts  with  matter  to  remove 
electrons  from  (ionize)  the  atoms  of  material  absorb- 
ing it,  producing  electrically  charged  atoms  which 
are  called  ions. 

Irradiated  -  Reactor  fuel,  having  been  involved  in  a 
chain  reaction,  and  having  thereby  accumulated  fis- 
sion products;  in  any  application,  exposed  to 
radiation. 

Isotope  -  Atoms  of  an  element  having  the  same  number 
of  protons  in  their  nuclei  but  diflFerenl  numbers  of 


neutrons  are  called  isotopes.  All  isotopes  of  an  ele- 
ment have  the  same  chemical  properties  and  thus 
cannot  be  separated  by  chemical  means.  However, 
they  can  be  separated  by  using  certain  physical 
processes,  such  as  gaseous  diffusion. 

Kilowatt  (kW)  -  One  thousand  watts;  a  unit  of  electric 
power. 

Kilowatt  hour  (kWh)  -  A  unit  of  energy  equal  to  the 
work  done  by  one  kilowatt  acting  for  one  hour. 

Lead  time  -  Time  required  to  plan  and  construct  a  facil- 
ity, including  time  required  to  obtain  government 
approval,  carry  out  environmental  assessment,  etc. 

Lignite  -  A  low-quality  type  of  coal  which  has  a  high 
moisture  content  and  high  ash  content  with  a  heat 
content  of  approximately  5000-7000  Btu/lb.,  mid- 
way between  bituminous  coal  and  peat. 

Load  -  A  device  that  receives  power,  or  the  power 
delivered  to  such  a  device.  Also,  the  amount  of  power 
or  energy  consumed  by  customers. 

Load  factor  -         The  ratio  of  average  power  demand 
to  peak  power  demand  in  a  given  time  period. 

Load  forecast  -  A  prediction  of  the  load  to  be  experi- 
enced at  some  point  in  the  future. 

Load  growth  -  The  rate  of  growth  of  electric  energy 
utilization  (usually  expressed  as  a  percentage). 

Low  Level  Waste  -  Part  of  the  waste  from  various 
stages  of  the  nuclear  fuel  cycle  typically  containing  a 
few  curies  per  cubic  metre. 

LWR  -  Light  water  reactor. 

Magnetohydrodynamics  -  A  direct  energy  conversion 
system  in  which  a  hot  gas  system  is  seeded  with  an 
alkali  metal  and  ionized.  Technology  is  in  a  develop- 
ing state.  Highly  efficient  when  combined  with  a  con- 
ventional steam  turbine  cycle. 

Mega  -  Mega  is  the  prefix  attached  to  volts,  watts  or 
watthours  indicating  the  quantity  or  magnitude  in 
units  of  a  million. 

Megawatts  (MW),  MW(e),  MW(th)  -  One  megawatt  is 
a  unit  of  power  equal  to  one  thou.sand  kilowatts. 
MW(th)  denotes  the  thermal  power  of  a  power  sta- 
tion, that  is  the  rate  at  which  heat  is  produced  (by 
fission  in  the  reactor  core  if  it  is  a  nuclear  power 
station).  MW(e)  denotes  the  electrical  power  output 
of  the  station  and  is  only  a  fraction  of  the  thermal 
power  —  typically  about  30%  for  a  heavy  water  reac- 
tor and  up  to  40%  for  a  modern  fossil  fuel-powered 
station.  This  ratio  is  also  called  the  thermal  efficiency 
of  the  power  station. 

Meltdown  -  Reactor  core;  consequence  of  overheating 
which  allows  part  or  all  of  the  solid  fuel  in  a  reactor  to 
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reach  the  temperature  at  which  cladding  and  possi- 
bly hiel  and  support  structure  liquefy  and  collapse. 

Mills/kilowatthour  -  The  terminology  used  to  indicate 
the  cost  of  electrical  energy  produced  by  a  generat- 
ing station:  a  mill  is  one-thousandth  of  one  dollar  and 
a  kilowatthour  is  the  standard  unit  of  energy  pro- 
duced or  consumed. 

Mixed  oxide  -  Reactor  fuel;  fuel  in  which  the  fissile 
nuclei  are  plutonium-2.39,  mixed  with  natural  or  de- 
pleted uranium  in  a  proportion  e(juivalent  to  en- 
riched uranium. 

Moderator  -  A  material  used  in  a  reactor  core  to  slow 
down  fast  neutrons,  without  unduly  absorbing  them, 
so  as  to  increase  the  probability  of  the  neutrons  caus- 
ing fission  in  a  uranium-235  or  plutonium-239 
nucleus. 

Natural  uranium  -  Uranium  whose  isotopic  composi- 
tion as  it  occurs  in  nature  has  not  been  altered  (0.71% 
by  weight  of  U-235). 

Neutron  -  .An  uncharged  particle  which  is  a  constituent 
of  the  nucleus  of  all  nuclides  except  hydrogen;  neu- 
trons are  ejected  from  the  nucleus  in  nuclear  reac- 
tioas,  such  as  fission. 

NPT  (Non-proliferation  treaty)  -  Intended  to  control 
the  spread  of  nuclear  weapons  and  their  technology. 

Nuclear  energy  -  The  energy  liberated  by  a  nuclear 
reaction  such  as  fi.ssion. 

Nucleus  -  The  positively  charged  core  of  an  atom 
which  has  almost  the  whole  mass  of  the  atom  but  only 
a  minute  part  of  its  volume.  All  nuclei  are  made  up  of 
protons  and  neutrons,  except  for  ordinary  hydrogen 
(H)  which  contains  only  one  proton. 

Nuclide  -  A  nuclear  .species,  all  the  atoms  of  which 
contain  similar  nuclei. 

Once-through  -  Term  used  in  the  utility  context  for:  a) 
once-through  cooling  -  use  of  process  cooling  water 
only  once,  i.e.,  in-out;  /;)  u.se  of  uranivnn  fuel  in  a 
reactor  only  once,  i.e.,  the  fuel  would  not  be 
reprocessed. 

Organic  coolant  -  An  oil-like  li(juid  having  a  high  boil- 
ing point  at  low  pressure  used  as  coolant  in  the  \V  R- 1 
test  reactor  at  the  Whitcshcll  Nuclear  Research  Es- 
tablishment of  AECL  in  Manitoba. 

Outage  -  .\  failure  of  the  electric  power  system. 

Peak  load  -  The  highest  average  load  during  a  time 
interval  of  specified  duration,  e.g.,  20  minutes,  occur- 
ring during  a  given  period  of  lime,  e.g.,  in  a  dav. 

Peak  load  generation  -  Ceneration  whose  energs-  out- 
put is  produicd  ihieH)  during  periods  of  greatest 


electricity  demand.  This  generation  is  utilized  only  5 
to  10%  of  the  time. 

Planned  outage  -  .\n  outage  which  can  be  postponed 
from  one  season  to  another,  usually  for  major 
overhauls. 

Plutonium  -  Heavy  artificial  metal,  made  by  neutron 
bombardment  of  uranium;  fissile,  highly  reactive 
chemically,  extremely  toxic  alpha-emitter. 

Poison  -  .Any  non-fissionable,  non-fertile  sxibstance  in  a 
reactor  with  a  high  capacitv  for  neutron  capture  that 
decreases  reactivity.  Poisons  are  delil>erately  intro- 
duced to  adjust  the  level  of  fission  or  to  shut  down  the 
reactor. 

Power  -  The  rate  of  doing  work,  or  in  an  electrical 
network  the  rate  at  which  electrical  work  is  supplied. 
Sometimes  the  word  is  u.sed  in  a  general  sense,  to 
cover  both  power  and  energy. 

Pressure  tube  reactor  -  A  power  reactor  in  which  the 
fuel  is  located  inside  hundreds  of  tubes  designed  to 
withstand  the  circulation  of  the  high  pressure 
coolant.  The  lubes  are  assembled  in  a  tank  containing 
the  moderator  at  low  pressure,  i  Sec  C.ANDU. 

Pressurized  Water  Reactor  (PVVR)  -  .A  power  reactor 
cooled  and  moderated  b\-  light  water  in  a  pressure 
vessel  surrounding  the  core.  The  water  is  pressurized 
to  prevent  boiling  in  a  clo.sed  primars  loop  and  is 
circulated  through  a  heal  exchanger  which  generates 
steam  in  a  secondary  loop  connected  to  the  turbine. 

Primary  demand  -  The  sum  of  firm  demand  and  inter- 
ruptible  demand. 

Proton  -  A  positively  charged  particle  which  is  a  con- 
sliluenl  of  the  nucleus  of  all  nuclides.  The  rumilx'r  of 
protons  in  the  nucleus  determines  the  chemical 
properties  of  an  element  and  hence  is  characteristic 
of  each  of  the  chemical  elements. 

Rad  -  The  unit  dose  of  ionizing  radiation.  One  rad  is 
absorbed  when  100  ergs  of  energy  is  imparted  to 
each  gram  of  matter  by  ionizing  radiation ,  See  Rem. ' 

Radiation  -  The  emission  and  propagation  of  energy 
through  space  or  matter  in  the  form  of  electromag- 
netic waves  (e.g.  gamma  and  x-rays\  and  fast  moving 
particles  (e.g.  alpha  and  In'-ta  particlesl 

Radioactivity  -  The  spontaneous  decaN'  of  an  uivstable 
atomic  nucleus  into  one  or  more  diflferenl  elements 
or  isotopes.  It  in\ol\es  the  emi.ssion  of  particles  of 
spontaneous  fission  until  a  stable  stale  is  reached. 
Note  that  radioactiNitv  produces  radiation  -  the  two 
terms  are  nol  equivalent. 

Reaclivilv  -  .\  measure  of  the  departure  of  a  reactor 
from  criticalitv.  .\  positixe  \alue  means  that  the  re- 
le.ise  of  neutrons  is  incre;isingand  the  power  will  rise. 
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while  a  negative  value  means  that  the  release  of  neu- 
trons is  decreasing,  the  power  is  falling  and  the  chain 
reaction  could  die  out. 

Reactor  -  An  assembly  of  nuclear  fuel  that  can  sustain  a 
controlled  chain  reaction  based  on  nuclear  fission. 

Recycling  -  The  stage  in  the  nuclear  fuel  cycle  (not  yet 
achieved  on  a  commercial  basis)  in  which  uranium 
and  plutonium  extracted  from  spent  fuel  are  re- 
turned to  an  earlier  stage  of  the  fuel  cycle  for  reuse  in 
fresh  fuel  rods. 

Reliability -The  degree  of  continuity  of  supply. 

Rem  -  The  abbreviation  for  Roentgen  equivalent  man, 
the  unit  of  an  absorbed  dose  of  ionizing  radiation  in 
biological  matter.  It  is  the  absorbed  dose  in  Rads  mul- 
tiplied by  a  factor  which  takes  into  account  the  bio- 
logical effect  of  the  radiation. 

Reprocessing  -  The  stage  of  the  nuclear  fuel  cycle  (not 
yet  achieved  on  a  commercial  basis  except  for  ma- 
gnox  fuel)  at  which  plutonium  and  uranium  in  spent 
fuel  are  separated  from  the  other  actinides  and  the 
fission  products,  which  constitute  waste. 

Reserv  e  capacity  -  The  difference  between  the  capac- 
ity of  a  system  component  (or  group  of  components) 
and  the  maximum  actual  or  expected  demand  placed 
upon  it. 

Scram  -  Emergency  shutdown  of  fission  reaction  in  a 
reactor. 

Shielding  -  A  mass  of  material  that  reduces  radiation 
intensity  to  protect  personnel,  equipment  or  nuclear 
experiments  from  radiation  injury,  damage  or 
interference. 

Sinking  fund  -  Provision  for  repayment  of  debt  b)' 
means  of  accumulating  money  through  regular  pay- 
ments which,  with  accumulated  interest,  may  be 
used  to  settle  the  debt  in  instalments  over  time  or  in  a 
lumpsum. 

Somatic  effects  -  Effects  produced  by  radiation  in  the 
body  of  the  person  irradiated,  usually  cancers. 

Spent  fuel  -  Nuclear  fuel  that  has  been  irradiated  in  a 
reactor  to  the  extent  that  it  can  no  longer  effectively 
.sustain  a  chain  reaction;  i.e.,  the  fissionable  isotopes 


have  been  consumed  and  fission-product  poisons 
have  been  accumulated. 

Spot  price  -  Price  for  immediate  delivery  of  a 
commodity. 

Tailings  -  The  waste  material  from  a  uranium  mill  after 
the  uranium  has  been  extracted  from  the  ore.  Tail- 
ings contain  the  radioactive  decay  products  of  ura- 
nium mixed  with  a  large  volume  of  non-radioactive 
rock,  all  in  a  finely  ground  form  and  mixed  with 
water. 

Thermal  plant  -  A  station  for  generating  electrical  en- 
ergy from  thermal  sources.  A  thermal  plant  may  have 
fossil-fuelled  steam  turbines  or  fossil-fuelled  combus- 
tion turbines  or  nuclear  steam  turbines. 

Thermal  plume  -  Shape  that  the  heated  discharge  from 
thermal  generating  stations  makes  in  the  water. 

Thorium  -  A  heavy,  slightly  radioactive  metallic  ele- 
ment with  an  atomic  number  of  90,  whose  naturally 
occurring  isotope  Th-2.32  is  fertile  and  the  source, 
when  irradiated  in  a  reactor,  of  U-23.3. 

Tonne  -  Metric  ton;  I  metric  ton  =  2204.6  pounds 

Tritium  -  .\  radioactive  isotope  of  hydrogen  with  a  nu- 
cleus containing  one  proton  and  two  neutrons.  It  oc- 
curs naturallv  in  minute  quantities,  but  is  produced 
as  a  byproduct  of  controlled  nuclear  fission.  It  is  also 
produced,  in  relatively  large  quantities,  by  nuclear 
fusion. 

Uranium  -  Heaviest  natural  element,  dark  grey  metal; 
isotopes  233  and  235  are  fissile,  238  fertile;  alpha- 
emitter. 

Waste  heat  -  The  non-usable  heat  primarily  due  to 
thermodynamic  restrictions  on  efficiency. 

Watt  -  Unit  of  electrical  power,  represents  the  power 
used  when  one  ampere  flows  through  a  circuit  with  a 
pressure  of  one  volt. 

West  System  -  Ontario  Hydro's  facilities  in  the  area 
lying  roughly  west  of  Wawa. 

Yellowcake  -  Mixed  uranium  oxides,  with  formula 
U-308,  produced  from  uranium  ore  by  extraction 
process  in  uranium  mill. 

Zirealoy  -  Alloy  of  zirconium  u.sed  as  fuel  cladding;  has 
low  cross-section  for  absorption  of  neutrons. 
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